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ABSTRACT 
A Prospective Examination of Neuropsychological Functioning in Preschool-Age 
Children with Sickle Cell Disease and its Association with Psychosocial Factors 
Ericka Lisle Anderson, M.S. 
Lamia P. Barakat, Ph.D. 
 
 
 
 
There is limited research involving neuropsychological functioning in preschool-
age children with SCD; research on older children with SCD has found inconsistent 
deficits across domains of neuropsychological functioning.  The present study 
prospectively examined neuropsychological functioning in preschool-age children with 
SCD.  Current neuropsychological functioning, as well as change in functioning over a 1-
year period was assessed; psychosocial factors at baseline were used to predict current 
neuropsychological functioning.   
Participants included children with SCD who participated in the baseline study (N 
= 18; Mage = 67.5 months, range = 54 – 85 months) and completed a neuropsychological 
battery assessing the following domains of functioning: General Intelligence, Language, 
Motor Skill, Memory/Attention, Visuospatial Skill, and Reasoning. Illness-related risk 
factors were assessed through research/medical chart review.  Psychosocial risk factors 
were assessed through parent report measures; a semi-structured interview was also 
conducted to examine the family’s ability to follow treatment recommendations from the 
baseline assessment and to obtain details about daycare/preschool placement.   
Results indicated that our sample performed significantly below the normative 
mean on all measured areas.  No significant changes were noted between performance at 
baseline compared to the present when standard scores were examined (greatest non-
significant decline noted in the Reasoning Domain of 4.6 points).  Maternal 
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income/education (baseline) was the strongest predictor of present functioning, however, 
disease severity was the sole predictor of the Memory/Attention domain.  Furthermore, 
parent report indicated that the Metacognition Index (Working Memory and 
Plan/Organize subscales) from the BRIEF-P was of greatest concern.  
Findings add to the limited literature on neuropsychological functioning in 
preschool-age children with SCD and indicate performance significantly below the 
normative sample in several areas of functioning, associated primarily with maternal and 
socioeconomic factors.  Although these children were progressing slower than the 
normative sample, they were making gains and are capable of learning.  Therefore, early 
intervention and support surrounding specific strengths and weaknesses may help 
children with SCD develop at an age-appropriate pace.  Furthermore, information from 
the present study highlight memory/attention and reasoning skills in children with SCD 
as an area that may be screened to identify those children at greatest 
academic/developmental risk.
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I. INTRODUCTION 
 
Sickle cell disease (SCD) is a hereditary, autosomal–linked recessive disorder that 
primarily affects individuals of African American, Mediterranean, and Middle 
Eastern descent (Swift, Cohen et al., 1989).  It is a hemoglobinopathy that is 
characterized by the presence of the hemoglobin variant HbS, sickle hemoglobin.  
This variant causes red blood cells to “sickle” or become rigid and crescent shaped, 
limiting their ability to flow through capillaries and arterioles, causing vasoocclusion. 
Red blood cells sickle when oxygen tension is low, usually occurring due to 
complications of fever, infection, or profound anemia.   The three main forms of SCD 
include: 1) HbSS, the homozygous condition caused by two abnormal genes for 
hemoglobin, 2) HbSC, the heterozygous condition caused by one abnormal gene for 
hemoglobin, and 3) HbS-thalassemia (Beta-thal), the condition caused by compound 
heterozygous conditions for hemoglobin S and hemoglobin C, or thalassemia, 
respectively.  Individuals with the homozygous condition (HbSS) typically 
experience the most severe symptoms that have an earlier onset than either 
heterozygous condition (HbSC or Beta-thal).  However, those with the heterozygous 
conditions may still experience symptoms, in some cases severe symptoms (similar to 
those associated with the homozygous condition), and, as they are carriers of the 
variant gene, may pass it on to future generations.   
Individuals with SCD experience many medical complications such as stroke, 
fever, infection, pain episodes, enlarged spleen, delayed growth, and nocturnal 
enuresis (Smith, 1999).  Due to these complications, paired with chronic hemolytic 
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anemia, individuals with SCD have a shortened expected life span, with the median 
age of death for males with HbSS being 42 years, and 48 years for females (Pless, 
Bambilla et al., 1994).  The literature is clear regarding the medical risks associated 
with SCD; however, the understanding of neuropsychological sequeale that may 
result from chronic hemolytic anemia or vascular occlusion and related ischemia is 
still developing.     
 More attention has been paid to neuropsychological functioning of children with 
SCD in recent years; the literature on neuropsychological functioning of children with 
SCD primarily focuses on intelligence (IQ), memory, attention, executive and motor 
skills, as well as academic achievement.  Many studies have found varying results 
when the intellectual, academic, and neuropsychological functioning of children with 
SCD is compared to norms or sibling/peer controls (Schatz, Brown, Pascual, Hsu, & 
DeBaun, 2002).  Those with SCD typically perform more poorly than norms and 
matched control groups; however, patterns depend on stroke presence.  In those who 
have experienced overt stroke, as the most common area for stroke is the frontal 
lobes, individuals tend to exhibit deficits in working memory, attention, and executive 
functioning (Brown, Davis et al., 2000; Schatz et al., 2002).  In those with silent 
stroke and no evidence of overt stroke, deficits are more scattered and less consistent.   
Although the neuropsychological functioning of children with SCD is becoming 
better understood, there are few studies examining neuropsychological functioning in 
very young children with SCD.  There is also ambiguity in the literature regarding 
age effects on neuropsychological, intellectual, and academic functioning in SCD.  It 
is unclear whether risk factors associated with SCD build over time, with older 
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children exhibiting more deficits than younger children (Brown, Armstrong, & 
Eckman, 1993; Fowler, Whitt et al., 1988) or whether damage occurs early enough 
developmentally that children are able to learn to compensate for their weaknesses 
and improve over time (Wasserman, Wilimas, Fairclough, Mulhern, & Wang, 1991).  
As early childhood is an important time for brain development, it is important to 
understand neuropsychological functioning in these children.  Furthermore, 
disentangling environmental effects, such as socioeconomic status (SES), maternal 
education, home environment, and ethnic minority status, is essential in this 
population as this disease typically affects African Americans in the United States.  It 
is important to attempt to tease apart the environmental and developmental factors 
that may be associated with SCD disease risk as well as identify the appropriate time 
when children would most benefit from early intervention. 
The purpose of the present study was to examine neuropsychological functioning 
of preschool-age children with SCD, specifically how their neuropsychological and 
intellectual functioning develops over a one year period, and how it is related to 
psychosocial factors such as disease severity, maternal education and income, and 
home environment.  The following sections will further define SCD and its associated 
risks, morbidity, and mortality.  Stroke risk for youth with SCD will also be 
discussed, as well as the literature regarding associated neuropsychological findings 
in those who have experienced overt and silent stroke, and those who have not 
experienced stroke.  Then, neuropsychological, intellectual, and academic factors 
associated with SCD will be described attempting to delineate the effects of ethnic 
minority status, SES and maternal education, as well as other environmental factors 
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that may affect outcome.  Factors associated with academic and neuropsychological 
development will also be discussed in relation to SCD.  Next, developmental factors, 
their association with SCD, and their impact on neuropsychological functioning and 
academic achievement will be outlined.  Finally, the present study will be described, 
outlining its expansion on current research, and its goals and hypotheses, results, and 
conclusions. 
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II. LITERATURE REVIEW 
 
 
Sickle Cell Disease Background 
Mortality
 Approximately 1 out of every 400 to 500 African American babies born in the 
United States is affected by SCD (Charache, Lubin, & Reid, 1989).  Although medical 
treatment for SCD is continuously improving, the life expectancy of those with SCD is 
reduced.  Most individuals with SCD [HbSS] live past 20 years and 50 percent live to be 
older than 50 years; however, stroke and infection may dramatically shorten individual 
life expectancy (Platt, Brambilla et al., 1994).  In a longitudinal study, Platt and 
colleagues (1994) found the median age of death among individuals with HbSS, followed 
from infancy to middle adulthood, to be 42 years for males and 48 years for females.   
The median age of death among those with HbSC was 60 years for males and 68 years 
for females, which is more similar to, but still lower than the general life expectancy of 
African Americans in the United States (Mmale = 64.5 years, Mfemale = 73.6 years) 
(National Center for Health Statistics, 1992).  Factors associated with reduced life 
expectancy in SCD included: acute chest syndrome, renal failure, seizures, stroke, high 
base-line white blood cell count, and low fetal hemoglobin level (Platt et al., 1994);  
Pneumococcal sepsis was the most common cause of death in childhood, with the 
average age of death between 1 and 3 years. 
Morbidity 
 Symptoms of SCD result from chronic hemolytic anemia and vascular occlusion 
(the obstruction or closing off of a blood vessel, from the abnormally sickle-shaped and 
rigid red blood cells).  Hemoglobin primarily serves to transport oxygen to organ 
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systems.  When oxygen tension is low due to illness, fever, etc., red blood cells of 
individuals with SCD can sickle, become rigid and assume a sickle shape, as opposed to 
the smooth, doughnut shape of normal red blood cells (Schechter & Noguchi, 1994).  
Therefore, their ability to flow through fine capillaries and arterioles is compromised and 
these cells frequently stick together (sludging), leading to vasoocclusion or deprivation of 
an adequate blood supply to tissues throughout the body, including the brain (Serjeant, 
1992).  The resultant ischemia is often experienced as “sickle cell crises”, or acute painful 
episodes most frequently occurring in the abdomen, back, extremities, and chest.   
Numerous physiological complications associated with SCD include (in order of 
occurrence) vaso-occlusive pain episodes, infections, acute chest syndrome, splenic 
sequestration, and stroke (Smith, 1999).  Complications of SCD vary immensely from 
patient to patient as well as by genotype.  Other complications of SCD include enuresis 
(chronic wetting of the bed), priapism (prolonged and painful erection lasting hours to 
several days), growth retardation, avascular necrosis of the hips and shoulders 
(deterioration of the joints), and pulmonary hypertension.  Children with this disease 
frequently tend to appear younger than their chronological age and have a delayed sexual 
development (Brown et al., 1993).   
Stroke and Disease Risk in SCD 
There are several possible explanations for neurocognitive deficits seen in 
children with SCD.  First, as one of the major effects of SCD is occlusion of blood 
vessels, stroke is a major risk.  In healthy children, stroke risk is minimal; children with 
SCD (homozygous condition, HbSS) are at a 250 – 400 times higher risk for stroke than 
the general pediatric population (Ohene-Frempong, 1991).  Specifically, in SCD, stroke 
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most commonly occurs before age 10 (Kral, Brown, & Hynd, 2001) with the greatest risk 
for stroke being in the 2 to 5-year-old age group, and being of the homozygous genotype 
(Kwiatkowski, Smith-Whitley et al., 2002).  The most common cause of brain infarction 
in patients with SCD is blockage of the intracranial internal carotid and middle cerebral 
arteries, with the primary site of stroke being the frontal lobes (Brown et al., 2000).  
However, there are two types or severities of stroke seen in SCD.  Overt stroke is a 
cerebral infarction whose symptoms can be detected clinically, whereas silent stroke is 
that whose effects can be visualized on neuroimaging but do not manifest clinical 
neurological symptoms.  Overt strokes occur in about 11% of children with SCD by the 
age of 20 (Adams, McKie et al., 1998).  Because of the expense of neuroimaging, 
incidence of silent stroke in children with SCD is not well documented, but it is estimated 
that between 11 and 17% of children with SCD experience silent stroke, in addition to 
those who experience overt stroke (Moser, Miller, & Bello, 1996).  Physical brain 
damage caused by both overt and silent stroke may cause neuropsychological deficits in 
individuals with SCD, and those with HbSS are at a greater risk for stroke.   
Three mechanisms other than overt and silent stroke are also speculated to be 
responsible for decreased neurocognitive performance in children with SCD.  For 
instance, chronic hemolytic anemia, specifically in childhood when the brain is 
developing rapidly with high nutrition demand, may place individuals at risk for 
developmental delay (Brown et al., 1993).  However, there is evidence opposing this 
theory; for instance, Swift and associates (1989) found no relationship between the 
severity of anemia and neurocognitive impairment in children with SCD.  Future studies 
would have to focus on comparison of hemoglobin levels and neurocognitive impairment 
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to speculate whether chronic hemolytic anemia itself is partially responsible for deficits. 
 A second mechanism by which neurocognitive functioning in children with SCD 
may be affected is through nutrition.  Poor nutrition is common in individuals of low 
SES, however, above poor nutrition associated with poverty, children with SCD 
experience protein calorie malnutrition secondary to chronic hemolytic anemia (Brown et 
al., 1993).  This may lead to interference in normal neurological development, as the 
brain may be particularly vulnerable to metabolic insult during the postnatal growth spurt 
in the first two years of life (Dobbing, 1972), resulting in later neurocognitive 
impairment. 
Finally, ischemia (brain tissue death due to lack of blood flow), may be partially 
responsible for decreased neurocognitive ability in children with SCD.  As a result of 
chronic hemolytic anemia, cerebral blood flow demands may increase in patients with 
SCD.  Because these individuals may lose the capacity to keep up with blood flow 
demands, they may be at risk for ischemia (Brown et al., 1993).  However, if ischemia 
was the cause of neurocognitive deficits in children with SCD, neurocognitive deficits 
should progress with age and the severity of deficits should correlate with the degree of 
anemia.  This has not been clearly delineated in the literature and bears further 
investigation (Brown et al., 1993). 
Disease Severity and SCD 
 In SCD, disease severity has not been linked consistently to child adjustment 
(e.g., Casey, Brown, & Bakeman, 2000; Lutz, Barakat, Smith-Whitley, & Ohene-
Frempong, 2005), nor to intellectual and neuropsychological outcomes (Fowler et al., 
1988; Goonan, Goonan, Brown, Buchanan, & Eckman, 1993; Swift et al., 1989).  In 
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studies with null findings for disease severity, children with SCD had not experienced 
overt stroke, therefore disease severity (self-reported or determined through chart review 
of hospitalizations) may not be associated with neuropsychological outcome when 
individuals have not experienced stroke.  In contrast, it should be noted that having 
experienced stroke, which would be an indication of increased disease severity, has been 
linked to poorer neuropsychological outcome (Schatz, Craft, et al., 1999).  Current 
research examining measures of disease severity in SCD is suggesting exploring the use 
of additional/alternative measures of disease severity, such as body mass index (Mitchell 
et al., 2005) or history of acute chest syndrome (Day, 2004), which may be useful in 
future studies examining disease severity and neuropsychological functioning in this 
population.   
It seems the most salient complications associated with SCD that explain potential 
neurocognitive deficits in children with SCD is the high risk and occurrence chronic 
hemolytic anemia, vaso-occlusion of blood vessels, and overt or silent stroke.  As young 
children with SCD are at highest risk for stroke, it may be important to examine 
functioning in young children, before neurological damage occurs.  Other factors, such as 
poor nutrition and ischemia have been identified as possible mechanisms that may 
contribute to these noted deficits, however the support for those factors is not as clear.  
Elements other than physiological disease-related factors, such as the environment, have 
also been identified as contributing to neurocognitive deficits and will be discussed in the 
next section. 
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Associated Environmental Factors 
As urban areas are more densely populated with African American individuals 
(Hill, 1992), the incidence of SCD is substantially greater (in cities) than that of other 
genetic disorders that are detected through newborn screening programs (i.e. 2 times 
greater than cystic fibrosis, 9 times greater than phenylketonuria) (Scott, 1970).  
Furthermore, urban areas are generally populated by those of lower socioeconomic status 
(SES); therefore, those with SCD are not only frequently faced with the difficulties of 
disease management, but also those associated with low SES, such as poor living 
conditions and nutrition, as well as limited access to healthcare (Barakat, Lash, Lutz, & 
Nicalaou, 2004; Brooks-Gunn, Klebanov, & Duncan, 1996).   
Poverty and being of ethnic minority status have been identified as risk factors for 
poorer intellectual development.  For instance, Brooks-Gunn and colleagues (1996) 
compared intellectual functioning in 483 African American and Caucasian children 
(Wechsler Preschool and Primary Scale of Intelligence (WPPSI), Wechsler, 1989).  
Overall, Caucasian children were in a higher SES group than African American children.  
Specifically, at age 3, 14% of Caucasian children lived below the poverty level (family 
income of $10,860, $13,924, and $16,460 for three, four, and five person families, 
respectively), whereas 57% of African American children lived below the poverty level.  
It was found that African American children’s IQ scores were significantly lower than 
Caucasian children’s (1 SD lower).  Conclusions stated that aspects of poverty, such as 
poor nutrition or ethnic minority status negatively impact intellectual functioning in these 
young children through their influence on cognitive development and associated limited 
access to enrichment opportunities. 
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Factors associated with SCD, such as poverty and low SES, may be partially 
responsible for neurocognitive impairment in children with SCD, however, it is difficult 
to tease apart the environmental factors (i.e. poor living conditions and nutrition, limited 
access to healthcare) from biological factors associated with neuropsychological 
impairment seen in children with SCD.  In the study described above (Brooks-Gunn et 
al., 1996), the relationship between and impact of family structure and resources, as well 
as maternal characteristics and home environment on intelligence was also examined.  It 
was found that home environment as well as economic and social status significantly 
accounted for differences in IQ scores between African American and Caucasian 
children, whereas maternal characteristics did not. Therefore, it seems some psychosocial 
factors may be more influential than others in predicting neuropsychological functioning 
in young children.  This topic will be further discussed later in the literature review.   
The present study examined neuropsychological sequeale in children with no 
evidence of stroke, with deficits presumably resulting from other SCD-related factors 
discussed above, such as anemia, poor nutrition, or ischemia.  Furthermore, the 
relationship between neuropsychological functioning and psychosocial factors, such as 
disease severity, maternal education, home environment, and SES was explored. 
 
SCD and Associated Cognitive Limitations 
Although the medical sequeale of SCD are clear, there is ambiguous information 
in the literature regarding cognitive, academic, and adjustment difficulties directly 
associated with the disease.  Therefore, this section will attempt to tease apart disease-
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related, as well as psychosocial factors associated with SCD that may provide predictors 
of neuropsychological and academic outcome.   
In an early study, Chodorkoff and Whitten (1963) examined 19 children with 
SCD, without history of overt stroke compared to sibling controls and found no 
significant difference between the SCD participants and their siblings on measures of 
intelligence.  It was concluded that SCD does not affect intellectual or psychological 
functioning.  However, researchers later questioned the validity of these findings due to 
methodological problems involving the comparison of different measures of intelligence 
(i.e. Standford Binet administered to children 4 - 8 years compared to the Wechsler 
Intelligence Scale for Children (WISC), Wechsler, 1974 given to children 9 – 14 years), 
and non-random selection of participants.  More recent research has attempted to correct 
these methodological flaws by using identical measures between groups and using 
random selection, when possible.  Furthermore, other recent methodological advances 
include careful identification of stroke group by neuroimaging techniques (i.e. overt 
versus silent or no evidence of stroke), as well as selecting and identifying appropriate 
control groups corresponding to research goals (i.e., sibling versus matched controls). 
Frontal Lobe Impairment 
 It has been documented that cerebral infarct (overt stroke) and silent stroke 
primarily affect the frontal lobes of children with SCD (Brown et al., 1990; Stuss, 1992).  
Furthermore, it has also been shown that there is significantly altered metabolism in the 
frontal-area in children with SCD, as evidenced by positron emission tomography (PET) 
(Rodgers, Clark, & Kessler, 1984), indicating impairment in the frontal lobes of many 
children who do not exhibit symptoms of stroke either clinically or through standard 
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neuroimaging.  Executive functions, which are thought to be mediated by the frontal 
lobes, are rapidly developing between the ages of 6 and 12 years in healthy children, with 
fairly complete functioning in behaviors associated with executive skills by age 10 years 
(Passler, Isaac, & Hynd, 1985).  In children without SCD and various brain lesions, 
Filley, Young, Reardon, and Wilkening (1999) found that those with damage to 
dorsolateral frontal regions (n = 9) were more impaired on measures of executive 
functioning (Wisconsin Card Sorting Test (WCST), Heaton, 1981) than those with 
diffuse lesions (n = 10) and those with focal lesions outside the frontal lobes (n = 36).    
If the frontal lobes of individuals with SCD were not compromised, it would be 
expected that children with SCD would exhibit mature executive skills, in most areas, by 
age 12.  However, this is not the case, as it has been documented that executive skills, 
such as attention (Matching Familiar Figures Test, Kagan, Rosman et al., 1964; selected 
subtests from the WISC-R, Wechsler, 1974) and working memory (Wide Range 
Assessment of Learning and Memory (WRAML), Jastak & Wilkinson, 1984; selected 
subtests from the WISC-R) are impaired in children ages 8 – 12 years with SCD when 
compared with healthy peers and sibling controls (Fowler et al., 1988; Noll, Smith, et al., 
2001).  However, no published studies have examined executive functioning exclusively 
in an adolescent population.  Also, as preschool and school-age children are at a crucial 
time for developing executive skills (the time in which these skills first emerge), early 
intervention may diminish the degree of neurological falloff experienced by youth with 
SCD.  Specifically targeting behaviors (e.g., inattention) that interfere with the child’s 
ability to learn pre-academic skills (e.g., writing, letter identification) may protect against 
future difficulties.  However, this group alone is understudied, with little published 
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literature examining the neuropsychological functioning of preschool-age children with 
SCD; although, it seems that very young children exhibit deficits in executive functioning 
also (Best, Marker et al., 2002; Thompson, Gustafson, Gil, Godfrey, & Murphy, 2002).  
Neuropsychological functioning in very young children will be discussed in detail in the 
next sections.   
SCD without Evidence of Overt Stroke 
 In SCD, stroke has been identified as a neuropsychological risk factor; however, 
in the absence of overt stroke, as silent stroke(s) and other mild neurological damage 
(e.g., ischemia) may have occurred, deficits are still present.  On constructs examined, 
such as intelligence, academic achievement, attention, memory, and executive 
functioning, those with SCD without overt stroke typically perform more poorly than 
controls (either age-matched or sibling); (Goonan et al., 1994; Sano, Haggerty et al., 
1996; Swift et al., 1989; Wasserman et al., 1991); however, no clear pattern of deficits 
has been identified for those with SCD without evidence of overt stroke.  For instance, 
Wasserman and associates (1991) found poorer performance on the WISC-R (Wechsler, 
1974) Performance and Full Scale IQs in children with SCD without overt stroke (n = 43) 
when compared to sibling controls (n = 30) (Mage = 12.4 years, range = 7.9 – 16.6 years).  
However, no significant differences were seen on a measure of achievement (Wide 
Range Achievement Test, (WRAT), Jastak & Jastak, 1978).  It should be noted that 
although children with SCD performed significantly poorer than sibling controls, both 
groups’ scores were Average.  These findings are consistent with those found by Swift 
and colleagues (1989) who found poorer performance across measures of IQ (WISC-R), 
constructional praxis (Beery Developmental Test of Visuomotor Integration, (Beery 
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VMI; Beery, 1989), and memory (Detroit Test of Learning Aptitude, Hammill, 1985) in 
youth with SCD without overt stroke (n= 21) when compared to sibling controls (n = 21), 
(Mage = 11-2 years, range = 7-1 – 16-3 years).  However, in this study, the performance of 
children with SCD fell in the Low Average range and both groups were found to show 
academic achievement commensurate with their measured intellectual ability.   
Goonan and colleagues (1994) examined only sustained attention (Computerized 
Vigilance Task, McClure & Gordon, 1984) and inhibitory control (MFFT) among youth 
with SCD without evidence of overt stroke (n = 24) compared to healthy siblings (n = 
11), (Mage = 10:8 years, range = 4:10 – 15:11 years).  Results showed no significant 
differences between those with SCD without overt stroke compared to sibling controls.  
Furthermore, disease parameters, such as hemoglobin levels, days hospitalized, and 
emergency room visits were not significantly correlated with performance.  Therefore, it 
was concluded that attention skills of youth with SCD develop similarly to that of healthy 
youth.  However, Brown and colleagues (1993) examined cognitive processing and 
academic functioning among 70 youth with SCD (Mage = 9:5 years, range = 2:9 – 17:0 
years) without overt stroke compared to sibling controls and found contradictory results.  
Constructs measured included intelligence (for children age 7 - 12 years, n = 63) (K-
ABC, Kaufman & Kaufman, 1983), receptive and expressive language (Peabody Picture 
Vocabulary Test- Revised, Dunn & Dunn, 1981), visual-motor ability (Beery VMI), 
attention and impulsivity (Computerized Vigilance Task; MFFT), academic achievement 
(for children age 7 – 12 years, n = 37) (K-ABC Achievement Battery- Reading Decoding 
& Arithmetic, Basic Achievement Skills Individual Screener, Kaufman & Kaufman, 
1983), and disease severity (chart review).  Results showed that compared to healthy 
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siblings, youth with SCD without overt stroke evidenced greater impairment in sustained 
attention and academic achievement; however, no differences were seen in intelligence, 
with both groups falling in the Average range.  It was concluded that the deficits 
experienced by children with SCD are specific to attention and concentration, as well as 
reading decoding.   
Overall it seems that when children with SCD without evidence of overt stroke 
are compared to sibling controls, deficits are seen in intelligence, visuospatial skills, 
sustained attention, and academic achievement.  Furthermore, although deficits are noted 
when compared to controls, children with SCD are still functioning within the Average to 
Low Average range. However, it should be noted that these findings were not completely 
consistent across studies examining neuropsychological functioning in children with SCD 
without evidence of overt stroke, such that in some of the above described studies, no 
significant differences were found between groups on intelligence, academic 
achievement, or attention.  It is possible that consistent results have not been found 
because children being examined are from a wide age-range, with young children being 
grouped with older children and adolescents.  Therefore it is difficult to tease apart 
developmental and disease-related factors.  However, there are few published studies that 
examine neuropsychological functioning in very young children, older children, or 
adolescents alone. 
The above studies compared the effects of SCD in those without history of overt 
stroke to sibling controls.  Different results are seen when individuals with SCD are 
compared to age-matched controls, as sibling controls experience similar home 
environment and maternal factors that age-matched peers do not.  Matched peers are 
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typically matched for age, therefore they may be more similar developmentally than 
siblings, and may experience comparable social and school environmental factors.  For 
instance, Fowler and colleagues (1998) examined neuropsychological functioning and 
academic achievement in individuals with SCD without overt stroke (n = 50) compared 
to 28 healthy, demographically-matched controls (Mage = 11:4 years, SD = 2.9 years).  
Results showed significant differences in groups on all measures administered: motor 
speed (WISC-R, Coding), achievement (WRAT), visuomotor functioning (Beery VMI), 
and visual attention (MFFT), such that those with SCD performed more poorly than 
controls across cognitive domains.  It was concluded that those with SCD may be at 
increased risk for learning problems compared to healthy peers as they have lower overall 
cognitive functioning, academic achievement, as well as a higher rate of receiving special 
education services.  Furthermore, Noll and associates, (2001) examined IQ (WISC-R), 
achievement (WRAT), visuomotor integration (Beery VMI), memory (WRAML, 
Sheslow & Adams, 1990), and attention (MFFT) in 31 children with SCD without overt 
stroke compared to 31 healthy classmates matched on gender, ethnic background, and age 
(Mage = 11.75 years, SD = 1.40, range 9 – 16 years).  Children with SCD performed 
significantly more poorly on all measures examined than their classmates; however, their 
performance would not be considered impaired, falling in the Low Average range.   
Deficits are also noted when very young children with SCD are examined.  For 
instance, Thompson and colleagues (2002) longitudinally examined neuropsychological, 
developmental, and behavioral functioning (rated by caregiver) of children with SCD at 
6, 12, 24, and 36 months (N = 89).  It should be noted that only 17 children completed all 
4 assessments.  Participants were administered the Bayley Scales of Infant Development- 
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II (Bayley, 1993).  Results showed a significant decline in cognitive functioning over the 
first 3 years of life, with the most significant decline occurring between the 12 and 24 
month assessment.  No declines were noted in motor functioning.  It was concluded that 
disease and risk factors associated with SCD alone may impact functioning, as these 
children were assessed before entering school.  Furthermore, Best and associates (2002) 
found similar results when they compared, cross-sectionally, neuropsychological and 
developmental functioning of infants (Mage = 19 months) and young children (Mage = 54 
months) with SCD with no evidence of overt stroke (N = 18).  Caregivers of infants were 
administered the Mullen Scales of Early Learning (Mullen, 1995).  Young children 
completed various measures to assess verbal, visual, and fine motor skills, as well as 
measures of attention, concentration, and memory.  Results showed a trend towards older 
children performing more poorly on measures of verbal comprehension and visual 
attention.  No significant differences in performance were seen in other areas assessed.  
Although declines were found, it should be noted that children in both age groups 
performed within the Average range on most measures.   
Chua-Lim, Moore, McCleary, Shah, and Mankad (1993) compared 10 children 
with SCD without evidence of overt stroke to 10 matched controls (range 4 – 6 years).  
Children completed the McCarthy Scales of Children’s Abilities (McCarthy, 1972).  
Results showed that children with SCD performed significantly poorer on measures of 
visual and sequential input, short term memory, experimental acquisition, fine motor 
output, and motor sequential output.  No differences were found between groups on 
measures of verbal output, visual input, and short-term memory.  Of note is that although 
significant differences between groups were found, both groups were qualitatively 
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performing within the “normal” range of intelligence.  Therefore, although children with 
SCD show deficits when compared to peers, they are still within the average range of 
functioning, and deficits may not be identified until they begin school and fall behind 
peers. 
When very young children with SCD are examined, impairments are noted, 
however, no pattern of deficits has emerged.  Furthermore, results from one study show 
that deficits in very young children with SCD build over time, when children’s 
performance is followed over three years (Thompson et al., 2002). 
It seems that when children with SCD without overt stroke are compared to 
matched controls, results are more consistent than when compared to sibling controls, 
with deficits (not impairment) found in intelligence, academic achievement, memory, 
attention, and visuomotor skill.  Furthermore, the literature examining functioning in very 
young children shows that declines occur early, with younger children performing better 
than older children.  However, because some children with SCD who do not present with 
symptoms of overt stroke may experience silent infarct(s), which have been shown to 
negatively affect performance, the ambiguity in the above findings may be a result of the 
possible inclusion of children with SCD with silent infarcts in the study group, which 
would be expected to overestimate differences between groups.   
A recent study conducted by Grueneich, Ris, and colleagues (2004) suggests that 
those with SCD with no evidence of overt stroke may not show a pattern of deficits in 
neuropsychological functioning, but an increase in variability in neuropsychological 
performance associated with disease severity.   Specifically, intelligence (WISC-R), 
academic achievement (WRAT-R), memory (WRAML), visual-motor skills (Beery 
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VMI), and impulsivity (MFFT) were examined in 31 children with SCD without 
evidence of overt stroke (Mage = 11.9 years, SD = 8.6).   Results showed that 45% of 
individuals who were imaged by MRI (n = 22) exhibited abnormalities which were 
correlated with disease severity and increased variability in neuropsychological 
performance.  Therefore, although children with SCD without evidence of overt stroke, 
as a group, may experience neuropsychological deficits, a pattern may be difficult to 
establish, as interindividual variability seems to increase with disease severity.  It may be 
that as some skills decline, others improve to compensate for weaknesses; therefore 
increasing variability among performance on specific measures while preserving overall 
level of functioning on omnibus measures may be noted (Grueneich et al., 2004).   
Attending to identified methodological problems, specifically use of control and 
stroke groups, newer research seems to be identifying a pattern of cognitive deficits 
involving children with SCD (both with and without stroke history), including significant 
difficulties in frontal lobe functions, such as working memory, attention, and executive 
functions (Brown et al., 2000; Schatz et al., 2002); however, it has recently been 
suggested that the neurocognitive profile of children with SCD without evidence of 
stroke increases in variability with increased disease severity (Grueneich et al., 2004).  
There are no published studies that prospectively compare children with overt stroke and 
SCD to those with silent stroke with SCD and those with SCD with no evidence of 
stroke.  Furthermore, there is an emerging understanding regarding the time when deficits 
develop in children with SCD, identifying deficits in young children; however, findings 
are still preliminary.  Therefore, the present study attempted to prospectively examine 
neuropsychological functioning in preschool-age children with SCD over a one year 
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period.  The next section will discuss studies comparing neuropsychological and 
academic performance in children with SCD with overt and silent stroke, as evidenced by 
neuroimaging, and the patterns of deficits that are emerging from the literature. 
Comparing Overt and Silent Stroke in SCD 
 As noted previously, in examining neuropsychological functioning in children 
with SCD with overt or silent stroke, a pattern of deficits is emerging when these children 
are examined longitudinally, and when they are compared to children with SCD with no 
evidence of stroke (overt or silent) as well as sibling and matched controls.  Specifically, 
those with SCD and overt or silent stroke have significantly poorer skills associated with 
frontal lobe syndrome, such as attention, working memory, and executive functioning or 
problem solving skills than various control groups (Armstrong, Thompson et al., 1996; 
Bernaudin, Verlhac et al., 2000; Brown et al., 2000; DeBaun, Schatz et al., 1998; Filley et 
al., 1999; Schatz, Craft et al., 1999; Watkins, Hewes et al., 1998), as the frontal lobes are 
the most common area affected by stroke in children with SCD (Stuss, 1992).  
Furthermore, those with silent stroke have been shown to have poorer cognitive 
functioning than those with SCD and no evidence of stroke as well as matched and 
sibling controls (Brown et al., 2000; Bernaudin et al., 2000; Jackson, Saccente, & Dancer, 
1997; Watkins et al., 1998).   
For instance, Brown and colleagues (2000) examined neurocognitive functioning 
of 63 children and adolescents (Mage = 9.75 years, SD = 2.87) with SCD.  Participants 
were administered a neurocognitive battery consisting of measures of intelligence 
(WISC-III, Wechsler, 1991), academic achievement (Woodcock-Johnson 
Psychoeducational Test Battery: Tests of Achievement- Revised, Woodcock & Johnson, 
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1990), attention (Cancellation A’s Task, Diller, Ben-Yishay et al., 1974; Trail Making 
Test, Reitan & Wolfson, 1985), language (Boston Naming Test, Kaplan & Goodglass, 
1983; Rapid Automatic Naming, Denckla & Rudel, 1974), motor skill (Purdue Pegboard, 
Tiffin, 1968), emotional functioning (Child Behavior Checklist, Achenbach & Edelbrock, 
1983) and behavior (Vineland Adaptive Behavior Scales, Sparrow, Balla, & Cicchetti, 
1984).  Participants were also evaluated by Magnetic Resonance Imaging (MRI).  Results 
indicated that children with overt or silent stroke and SCD performed more poorly on 
tasks of attention than children with SCD with no evidence of stroke; however, those 
with overt stroke did not perform significantly more poorly than those with silent stroke.  
No significant differences between groups were noted on other tasks measured.  
Therefore, it was concluded that stroke evidence is a significant factor associated with 
deficits in SCD.     
Furthermore, a smaller study by Watkins and colleagues (1998) examined 
intelligence (WISC-III; WPPSI-R, Wechsler, 1990), executive functioning (WCST), 
memory (Taylor Children’s Stories, Kimura & McGlone, 1979; Wechsler Memory Scale 
(WMS), Wechsler, 1945) and stroke history (MRI) in 41 children with SCD (Mage = 
10.25, range = 5.9- 16.7 years).  Results showed that those with stroke history (overt or 
silent), as determined by MRI (n = 9), were significantly impaired on measures of 
intelligence, memory, and executive functioning when compared to participants with 
SCD without stroke history (n = 30) and a group of sibling controls (n = 15).  However, 
the external validity of the above findings is limited due to small sample size.  Consistent 
results were found by Bernaudin and associates (2000), who examined cognitive 
functioning (WISC-III, WPPSI-R) in a larger sample of 173 children with SCD compared 
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to 76 sibling controls (Mage = 10.2, range = 5 – 15 years).  Neurological history indicated 
8% of participants had experienced overt stroke, whereas 15% of participants were 
identified by MRI as having had silent stroke(s).  Overall, statistically significant 
impairment in cognitive functioning was observed for patients with SCD with a history of 
overt stroke, with those with silent stroke showing less, but significant deficits when 
compared to those with SCD without evidence of stroke, as well as sibling controls.  
Lowered hematocrit levels and evidence of thrombocytosis were also identified as risk 
factors of cognitive deficits.  It was concluded that isolated silent strokes do not 
compromise cognitive functioning, but play an aggravating role when associated with 
severe anemia or thrombocytosis.   
Schatz and colleagues (2002) conducted a meta-analytic review of 18 studies 
reporting on SCD and neuropsychological functioning.  Studies included differed in 
measures of cognitive functioning, comparison grouping, and inclusion of individuals 
with silent infarct and overt stroke.  Mean ages of participants for included studies ranged 
from 9.3 to 18 years, with a mean overall age of 11.9 years.  It was found that on average, 
children and adolescents with SCD had IQ scores (M = 85.7, SD = 14.0) significantly 
lower (4.3 points, d = -0.313, t [1075] = -5.02, p <.01) (small effect size, r = .15) than 
sibling or matched-control groups.  Furthermore, it was concluded that measures of 
specific cognitive abilities appeared to be more sensitive to neuropsychological deficits 
than IQ measures, as it was estimated that the effect size of the specific cognitive deficits 
was likely medium.  There was no evidence in this meta-analytic review that choice of 
control group (siblings vs. peers) posed a meaningful bias in outcomes for general 
cognitive functioning, as those studies using aged-matched peers reported only a 2-point 
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greater discrepancy (not statistically significant) between SCD participants and controls, 
than those studies using siblings as controls.  Finally, the use of MRI to exclude cases 
with silent infarct had no significant effect on the size of group IQ differences.  It was 
postulated that the selection of SCD cases and matching control groups on variables most 
salient to individual research questions is most important when considering the control 
group, more than simply choosing sibling or matched peers.  Furthermore, the lack of 
differences seen in stroke inclusion group was attributed to the fact that it may be more 
important to understand the causes of cognitive deficits in children with SCD beyond 
stroke status, such as anemia effects on brain development.  Finally, it was noted that 
although a number of reports have examined cognitive functioning in SCD, they have 
reached different conclusions about cognitive effects related to the disease, although 
when examined through meta-analysis, significant differences were not found.   
In summary, it seems children with SCD evidence some deficits when compared 
to sibling or peer controls.  Furthermore, deficits have been noted early in childhood; 
however performance in very young children seems to be better than that of older 
children.  For those with SCD without clinical evidence of overt stroke, although there is 
evidence that this group also exhibits poorer performance when compared to sibling or 
matched controls, the deficits are less pronounced and the pattern of deficits is less clear, 
as there may be individuals who have experienced silent stroke(s), and therefore exhibit 
more significant deficits within the group, confounding findings.  Furthermore, deficits 
are more pronounced when specific cognitive domains are examined instead of general 
IQ, as it is possible that some skills strengthen in order to compensate for deficits within 
individuals.  However, for those who have been identified as having overt or silent stroke 
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(though neuroimaging) a pattern of deficits involving executive functions, such as 
attention and working memory is emerging.   
Overt Stroke in SCD 
When children with SCD with history of overt stroke are compared to children 
with SCD without history of overt stroke, deficits in frontal lobe functioning are also 
seen.  Brandling-Bennett, White, Armstrong, and Christ (2003) examined verbal long-
term (California Verbal Learning Test- Children’s Version, Delis, Kramer, Kaplan, & 
Ober, 1994) and working memory (Children’s Memory Scale- Digit Span, Cohen, 1997) 
in 10 children with SCD with frontal infarcts compared to 21 children with SCD without 
history of overt stroke (Mage = 12.9, range = 8.5 – 17.6 years).  It was found that children 
with SCD-related frontal infarcts exhibited impairments in both learning a word list over 
repeated trials and freely recalling a word list, following delay intervals.  Furthermore, in 
assessing working memory, children with frontal infarcts were impaired in their ability to 
actively manipulate information in working memory.  However, their ability to simply 
maintain information in working memory and recall materials was comparable to those 
with SCD without overt stroke.  Therefore, it was concluded that differences in memory 
performance between the two study groups was not caused by attention problems, but 
disruptions in strategic processing in children with SCD with frontal infarcts. 
Summary of Findings on Neuropsychological Functioning by Stroke Status 
The findings on the cognitive limitations associated with SCD are diverse for 
several reasons.  First, many studies fail to group participants according to stroke status 
(overt, silent, no evidence).  When those with overt and/or silent stroke are not identified, 
and children with SCD are compared to controls, significant differences between the 
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SCD group and control groups have not been found (Chodorkoff & Whitten, 1963).  
However, when stroke status is identified clinically and through neuroimaging, clearer 
patterns of deficits are noted, with children with SCD and overt or silent stroke exhibiting 
deficits associated with frontal lobe syndrome (Armstrong et al., 1996; Bernaudin et al., 
2000; Brown et al., 2000; DeBaun et al., 1998; Filley, 1999; Schatz et al., 1999; Watkins 
et al., 1998).  Second, measures of cognitive ability and intelligence are another problem 
in the literature, as different studies frequently use different tasks to measure the same 
ability.  For instance, many studies only use IQ as an index of neuropsychological 
functioning; however, this may be inappropriate because most IQ tests only measure a 
subset of abilities that may be relevant to neuropsychological functioning, such as 
vocabulary, motor speed, reasoning, and working memory.  In order to fully examine 
neuropsychological functioning, a battery should include not only a measure of IQ, but 
measures specifically designed to assess memory (immediate and working, visual and 
verbal), visuomotor skill, reasoning (verbal and visual), language, and 
attention/concentration.  Furthermore, IQ tests may underestimate deficits in specific 
areas, as most IQ subtests produce a score that is the average of affected and unaffected 
areas.  For example, an individual may excel in basic verbal skills, but have difficulty in 
mathematics.  As both scores are included in the Verbal IQ on the WISC-III, inferring 
overall verbal ability, the score may reflect a deficit in mathematic ability rather than 
verbal ability. Next, control groups pose a serious problem in the literature involving 
cognitive limitations of those with SCD.  Closest-aged siblings are the most frequently 
used as controls in studies examining cognitive deficits in children with SCD, however, 
this method does not control for other genetic factors shared by the siblings.  However, 
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the alternative, age-matched controls, lack biological similarity and similarity in home 
environment shared by individuals of the same families.  For instance, when children 
with no evidence of overt stroke are compared to siblings, deficits in intelligence and 
memory are noted, with no differences found in academic achievement (Swift et al., 
1989; Wasserman et al., 1991).  However, when children with SCD with no evidence of 
overt stroke are compared to matched controls, differences are seen in intelligence, 
academic achievement, attention, and memory (Fowler et al., 1998; Noll et al., 2001).  It 
should be noted that although these differences are documented in the literature, a meta-
analytic review conducted by Schatz and colleagues (2002) found that choice of control 
group did not pose a meaningful bias in outcomes for general cognitive functioning.  
Finally, the grouping of children of different age groups, without separating them into 
smaller, more developmentally appropriate groups, is a problem.  Few studies examine 
the abilities of adolescents or older children alone; even fewer studies examine 
neuropsychological functioning of preschool-age children, and no studies prospectively 
examine neuropsychological functioning in young children to examine how skills 
progress over time.  As different developmental factors play a part in each of these age 
groups, it is inappropriate to group them all together.  Furthermore, as younger children 
with SCD are at higher risk for stroke and are at an important time for frontal lobe 
development, it is essential to study this age group in order to advise for early 
intervention.   
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Academic Development of Children with SCD 
 As previously stated, children with SCD face compound stresses associated with 
SCD and disease management as well as psychosocial factors, such as low SES and 
ethnic minority status.  Furthermore, as multiple stresses and risk factors have been 
shown to increase risk for delayed development, those with SCD may potentially be at 
higher risk for poor academic achievement.   
Overall, it seems that children with SCD have lower academic achievement than 
healthy peers, commensurate with their intelligence.  In studies discussed above, poorer 
academic achievement was noted in older children with SCD, (Mage = 10.6 years) when 
those without evidence of overt stroke were compared to siblings (Brown, 1993) or 
healthy matched peers (Fowler et al., 1993; Noll et al., 2001).  Appreciating the 
neuropsychological functioning of very young children is important in understanding 
age- and disease-effects of SCD, as this may be the developmental time period when 
noticeable deficits first emerge and affect later academic achievement.  Research on very 
young children has shown that as infants, children with SCD are developmentally 
comparable to their peers; however, deficits begin to emerge in the first years of life 
(Thompson et al., 2002).  Functioning in very young children with SCD and factors 
associated with achievement will be further discussed in the next sections. 
School Readiness in SCD 
Recent research has focused on examining school readiness skills in young 
children with SCD and has found some deficits.  Steen, Hu, and colleagues (2002) 
evaluated kindergarten readiness skills in 34 children with SCD without evidence of overt 
stroke compared to 68 matched controls.  Evaluations were completed as part of a routine 
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screening for children entering the Memphis City School System.  Teachers completed a 
checklist to evaluate pre-reading and arithmetic skills, as well as writing concepts.  
Results showed that children with SCD performed significantly more poorly on a 
measure of auditory discrimination, a skill necessary for reading acquisition.  It was 
concluded that deficits noted in young children with SCD may have a significant impact 
on later achievement, as those present are building blocks for more complex skills, such 
as reading.  Therefore, it may be that there are notable deficits in infants and young 
children with SCD that may impact later achievement.  Furthermore, it has been shown 
that younger children show fewer deficits, specifically when compared to older children, 
but more work needs to be done, specifically examining their performance over time.  It 
is hypothesized that deficits increase over time because neurological damage builds over 
time and school absenteeism effects put children at risk for falling behind academically.  
Therefore, early intervention is essential for children at-risk in this population, in order to 
catch underlying deficits before they manifest into larger problems.   
School Absenteeism Effects in SCD 
 School education is important for the successful development of academic, 
cognitive, intellectual, and social skills in children (Nettles, 1994).  In the general 
population, school attendance has shown to have a positive relationship with academic 
achievement (Hinz, Kapp, & Snapp, 2003).  However, for those with SCD, pain crises 
and hospitalizations may increase the amount of school days missed.  In fact, studies 
show that individuals with SCD miss up to 33 days of school per year, significantly more 
than healthy peers (Nettles, 1994; Nishiura, Whitten, & Thomas, 1982; Shapiro, Dinges 
et al., 1995; Wright, Schaefer, & Solomons, 1979).  Shapiro and colleagues (1995) 
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examined sickle cell-related pain and its impact on school absenteeism in 18 children and 
adolescents (range = 8 – 17 years) who completed daily pain diaries.  It was found that 
pain was associated with school absenteeism, with children with SCD missing school on 
41% of days they experienced pain.  Half of the days of school missed were due to pain, 
and the average number of consecutive days of school missed was 2.7 days.  
Furthermore, Nettles (1994) found that when those with SCD HbSS (n = 17) were 
compared to those with SCD HbSC (n = 15), as well as with healthy peers (n = 34), 
children with SCD, regardless of genotype, had significantly higher rates of absenteeism 
than healthy peers.  Furthermore, children with SCD performed significantly poorer on 
measures of reading and mathematics, as measured by the California Achievement Test 
(CAT), SRA Achievement Test, or the Iowa Test of Basic Skills (Iowa). Increased school 
absenteeism and its relationship with decreased academic achievement has also been 
noted in children with cancer and hemophilia (Stehbens, Kisker, & Wilson, 1983).  It 
may be concluded, that in all, high absenteeism negatively affects academic performance 
and may contribute to academic deficiencies and inhibit peer relationships and 
interactions, thereby affecting social relationships as well as academic achievement.  
However, when examining very young children with SCD, who have not started school, 
absenteeism effects have not impacted performance, and therefore, these children may 
perform better, compared to their peers, than when tested after beginning school. 
 
Age Effects in SCD 
 There is ambiguous evidence in the literature regarding age effects in SCD.  Some 
studies find no normative difference between the skills of older children when compared 
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to younger children; however, most find that younger children perform better than older 
children, when compared to norms, on measures of intelligence and academic 
achievement.  The latter view is supported by arguments recognizing SCD as a life-long 
condition with compounding age effects, such as structural damage and absenteeism 
effects, which accumulate and cause those with SCD continue to fall more and more 
behind their peers.  Specifically, it has been shown that older children with SCD show 
greater impairment in achievement (Fowler et al., 1988; Schatz et al., 2002), spatial 
constructional functioning, and sustained attention than younger children with SCD 
(Brown et al., 1993).  In an exception, Wasserman and associates (1991) examined 
neuropsychological (Luria-Nebraska Neuropsychological Battery, Golden, Hammeke, & 
Purisch, 1982), intellectual (WISC-R), and academic (WRAT) functioning of 43 children 
and adolescents with SCD, without overt stroke, (Mage = 11.5 years, range 8 – 16 years) 
compared to 30 sibling controls.  It was found that youth with SCD and controls over 13 
years did not differ on measures of neuropsychological functioning, whereas those 
younger than 13 years had significantly lower scores when compared to controls.  It was 
concluded that although in the present sample there were apparent language-related 
learning disabilities, because they were able to maintain their academic performance at 
the C-level, consistent with their siblings, deficits in young children with SCD are either 
very mild, or these individuals learned to compensate at an early stage of development, 
improving their performance at older ages.  However, selection bias was also discussed 
as a possibility for deficits found in younger children, such that as stroke typically occurs 
before adolescence in those with SCD, youth with SCD that would have had significant 
deficits in testing may be eliminated from samples because they already had stroke(s).  It 
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should be noted that declines similar to those with SCD are seen in healthy African-
American populations of low SES (Burchinal, Campbell et al., 1997).  Therefore, it is 
important to not only consider disease-related variables in children with SCD, but also 
the role of factors such as SES when examining neuropsychological and developmental 
functioning in children with SCD. 
There are several potential reasons the research on age effects in SCD has not 
reached a consensus.  First, most studies use a weak cross-sectional design in which the 
standard scores of older children are compared to the standard scores of younger children 
at the time of testing.  A longitudinal design in which individuals are prospectively 
followed and their individual performance is compared at childhood and adolescence 
would yield potentially different and more meaningful results.  For instance, when 
Thompson and associates (2002) followed children with SCD from infancy to age 3, 
declines in performance, over time, were found.  A second reason there is ambiguity in 
the literature involving age effects in SCD is that although more recent research is 
focusing on younger children, in the majority of the literature, children being compared 
are typically from two age groups: 1) school-age and 2) adolescence.  As it has been 
discussed above, executive skills are developing in the preschool years, and the primary 
site of damage to the brain in children with SCD is the frontal lobes.  Therefore, studies 
comparing the performance of those of preschool-age to school-age would be helpful to 
help delineate whether and when declines begin to become clinically noticeable and when 
early intervention would be most useful.  Furthermore, a longitudinal design that could 
examine functioning in children with SCD when executive skills are emerging would be 
informative for treatment.    
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 In general, it seems that children with SCD have lower academic achievement 
than healthy peers, commensurate with their intelligence.  Studies examining school 
readiness skills in young children with SCD find that deficits are evidenced; however, it 
should be noted that in most studies, although deficits are found, children with SCD are 
still functioning within the Normal or Average range.  Therefore, as children age and risk 
factors accumulate, such as school absenteeism effects and neurological damage, they 
may begin to fall more behind peers.  However, as similar academic declines are noted in 
healthy African American children from low SES, the association of other psychosocial 
factors with neuropsychological functioning in children with SCD will be discussed 
further in the next section. 
 
Other Factors Affecting Neuropsychological and Academic Performance 
 As noted earlier, SCD is a disease that primarily affects those of African 
American, Mediterranean, and Middle Eastern origin, with the highest proportion of 
individuals with the disease in the U.S. of low SES, living in urban areas (Swift et al., 
1989).  Therefore, individuals with SCD may experience problems associated with the 
disease, as well as those associated with ethnic minority status and low SES (Barakat & 
Kazak, 1999).  The next section will attempt to tease apart factors associated with SCD 
and those associated with ethnic minority status and low SES that may impact cognitive 
functioning of those with SCD.   
There are many factors associated with being a minority that can impact cognitive 
development.  For instance, variations in family structure, poverty, family socialization, 
learning-oriented practices, quality of schools attended, residential segregation, 
34 
socioeconomic condition of neighborhoods, access to and treatment in schools, as well as 
access to the job market and health care, and the cultural equivalence of and biases in 
tests attempt to offer partial explanations for the differences in test scores found between 
white and black children (Brooks-Gunn et al., 1996).  However, the literature seems to 
identify maternal education, SES, and home environment as the most salient factors, and 
have investigated their effects on intelligence and neuropsychological functioning 
extensively.   
Minority children are more likely to be poor, with three times as many African 
American and Hispanic children living below the official US poverty line than white 
children (Bane & Ellwood, 1989).  Brooks-Gunn and colleagues (1996) examined 
differences between African American and Caucasian children’s intelligence (WPPSI) in 
5- year-olds with low birth weights (N = 483).  Information on neighborhood, family 
poverty, structure, and resources, as well as maternal characteristics and home 
environment were collected over the first 5 years of participants’ lives.  Results indicated 
that African American children’s IQ scores were 1 standard deviation lower than those of 
white children.  It was concluded that differences in marital status, as well as maternal 
age, education, and verbal ability did not add significantly to the explanation of ethnic 
differences once the effects of other environmental differences, specifically family and 
neighborhood poverty level, were taken into account.   
The following sections will attempt to summarize the literature regarding the 
relative impact of multiple risk factors, such as maternal education, SES, and home 
environment, on children’s outcome and functioning. 
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Impact of Multiple Risk Factors on Cognitive Development 
  As stated above, not only do children with SCD typically have to deal with the 
problems associated with low SES and minority group status, they have the compounded 
stressors of SCD symptoms.  Research on diverse samples of children who are exposed to 
several risk factors simultaneously show that those who are exposed to multiple risk 
factors tend to experience learning or behavioral problems more frequently than those 
who are not exposed to multiple risk factors (Evans, 2004).  Dubow and Luster (1990) 
found that children born to teenage mothers who were also exposed to three or more risk 
factors (poverty, high number of children in the home, low maternal age at first birth, low 
mother’s education and self-esteem, urban residence, and no spouse/partner in home) 
were approximately four times more likely to have low scores on achievement tests than 
those exposed to none of the risk factors.   
Luster and McAdoo (1994) attempted to identify factors that contribute to 
individual differences in African American children (N = 378) in early elementary grades 
(Mage = 7.28 years, range = 6 - 9 years), as well as identify factors that distinguished 
between African American children who were doing well on measures of cognitive 
competence versus those who were experiencing problems.  Participants’ cognitive 
competence was assessed with four measures 1) Peabody Picture Vocabulary Test- 
Revised (PPVT- R), 2) PIAT- Mathematics Assessment, 3) PIAT- Reading Recognition 
Assessment, and 4) PIAT- Reading Comprehension Assessment.  Participant’s behavioral 
adjustment was also assessed with the Behavioral Problems Index: Total Score and 
Antisocial Index (BPI; Peterson & Zill, 1986).  Finally, five environmental factors were 
examined: 1) presence of spouse or male partner in home, 2) number of children mother 
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has, 3) family poverty status, 4) location of residence, and 5) quality of home 
environment (as measured by the Home Observation for Measurement of the 
Environment- Short Form [HOME-SF], Bradley, 1982), a self-report and observation 
measure designed to be conducted within the family’s home that is used to assess the 
influence of the home environment on individual outcomes.  Items on this inventory 
measure home environment aspects such as maternal warmth and acceptance towards the 
child, organization of the environment, and provision of opportunities for learning and 
cultural experience.  An overall risk factor index was computed by adding the number of 
risk factors individuals endorsed, such as low maternal intelligence, low HOME-SF 
score, three or more children in family, living in poverty, low maternal education, first 
birth <18 years, no spouse or partner, and low maternal self-esteem.  An advantage index 
was computed by adding the number of protective factors individuals endorsed, such as 
maternal intelligence above the mean, HOME-SF scores above the median, at least 
maternal high school education, two or fewer children in family, high maternal self-
esteem, not living in poverty, having a spouse or partner, and first birth after 18 years.   
Results showed that African American children with the highest scores on 
measures of cognitive competence tended to have high scores on the advantage index, 
with a child being 11 times more likely to be in the top quartile on the PPVT-R if he or 
she had a score of five or more on the advantage index than if he or she had a score of 
zero.  Furthermore, children who had low scores on the four measures of cognitive 
competence (high disadvantage scores) tended to have mothers who had lower levels of 
intelligence, fewer years of education, as well as being more likely to live in poverty, 
come from large families, and experience less supportive home environments.  In 
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general, the probability of being in the low achieving group increased linearly with the 
number of risk factors to which children were exposed.  Similar results were found with 
behavioral problems, such that those with scores of five or higher on the risk index were 
three times more likely than children with scores of zero to be in the bottom quartile on 
the BPI Antisocial subscale.  It was concluded that family characteristics and processes of 
high-achieving African American children, on average, appeared to be markedly different 
from those of their low achieving peers.  Therefore, being of minority ethnic status alone 
did not put an individual at risk for poor outcome, but those with compounded risk 
factors may be at increased risk.  Children with SCD are at risk to experience multiple 
disadvantage factors, which are also compounded by the burden of stress associated with 
SCD.  Therefore, children with SCD may be at an increased risk for cognitive and 
behavioral maladjustment. 
Impact of Outside Child Care on Cognitive Development 
 Child care, such as preschool and Head Start programs, is also a factor that may 
be associated with academic skills (Bates, 1994).  From the above discussion, it is clear 
that familial influences on children’s adjustment and achievement are in operation prior 
to school entry.  Intensive preschool programs staffed by highly qualified teachers (in 
which children work in small groups or one-on-one with teachers) have been found to 
moderate the negative effects of poverty on the intellectual development of 
socioeconomically disadvantaged children (Schweinhart, Barnes, Weikart, Barnett, & 
Epstein, 1993).   For instance, Christian, Morrison, and Bryant (1998) examined 
children’s reading, vocabulary, general information, mathematics, and letter recognition 
skills upon entrance to kindergarten.  Participants consisted of 538 children enrolled in 
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public school kindergarten classrooms (Mage = 5:5; range = 4:10 – 5:10) who were 
administered measures of intelligence (Stanford-Binet Intelligence Scale), as well as 
receptive vocabulary, reading recognition, mathematics, general information (PIAT-R), 
and letter recognition.  Results showed a strong association between family literacy and 
early academic abilities, suggesting that relatively simple behaviors, such as monitoring 
television viewing or taking a child to the library, can substantially influence growth in 
academic skills, regardless of parents’ educational or financial circumstances.  However, 
it was found that the impact of months in child care was more powerful in predicting 
academic skills in children with less educated mothers from relatively poor literacy 
environments.  It was postulated that efforts to develop children’s early academic skills 
may be effective when parents become actively involved in providing literacy-promoting 
experiences for their children, such as reading with children or visiting the local library.  
In the baseline study (Tarazi 2004), maternal education/income was associated 
with intelligence, language ability, memory/attention, and visuomotor skills in preschool-
age children with SCD; number of hours per week spent in daycare/preschool was 
positively associated with language skill.  Therefore, as children with SCD typically 
come from low income families, with low maternal education, the impact of child care 
may be more predictive than for control or healthy comparison groups.  In the present 
study, enrollment in preschool or early intervention programs, such as Head Start, as well 
as independent therapy (i.e., speech/language therapy, physical therapy) was considered, 
as they are preventive programs that educate children that are at-risk, due to disadvantage 
factors, to increase their school-readiness.   
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Impact of Maternal Intelligence and Home Environment on Cognitive Development 
 Children’s cognitive competence is influenced not only by the genes they inherit, 
but also by their environment.  It has been shown that mothers of low intelligence tend to 
provide a less supportive environment for their children’s cognitive development 
(Plomin, 1990).  Therefore maternal intelligence and heredity may play a large role in 
children’s intellectual, academic, and behavioral outcome (Dubow & Luster, 1990; 
Luster & McAdoo, 1994).  Although each is viewed as important, there is debate in the 
literature when comparing the influence of two specific environmental variables on 
child’s intelligence: 1) maternal intelligence, and 2) home environment.  Therefore, it has 
been suggested to measure both maternal intelligence and quality of the home 
environment in order to estimate the effects of the overall home environment on 
children’s intelligence.  It is then possible to determine the impact of each factor on 
children’s intelligence through hierarchical regression (Luster & Dubow, 1992).   
Using this approach, Longstreath, Davis, and colleagues (1981) examined the 
effects of the home environment as well as maternal factors in 80 families, predominantly 
Caucasian, and above average educationally and intellectually, from the Los Angeles area 
(Mage children = 12 years).  Results showed that the effects of home environment on child’s 
intelligence was reduced to non-significance when maternal intelligence was controlled; 
however, when home environment was entered first, and maternal intelligence second, 
maternal intelligence continued to remain significantly related to child’s intelligence.  
Scarr (1985) found similar results, when examining 125 families from Bermuda with 42- 
to 48-month-old children, suggesting that the relation between home environment and 
child intelligence is weak when maternal intelligence is controlled.   Furthermore, results 
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from the baseline assessment of the children participating in the current study showed no 
association between the Home Environment Questionnaire (HEQ) and 
neuropsychological variables assessed, whereas there was a positive association between 
mother’s education/income and functioning (Tarazi 2004). 
 On the other hand, other studies using similar techniques have found contrary 
results.  For example, Gottfried and Gottfried (1984) evaluated 118 middle-class, 
Caucasian families with children between 38 and 42 months in age and found that the 
HOME inventory was a significant predictor of child’s intelligence when maternal 
intelligence was controlled, and accounted for 19% of the variance beyond that accounted 
for by maternal intelligence (5% of the variance).  Furthermore, when the HOME was 
entered first, and maternal intelligence was entered on the second step, maternal 
intelligence was not significantly related to child’s intelligence.   
Luster and Dubow (1992) offer two explanations for differences in results 
regarding the influence of maternal intelligence and home environment on child’s 
intelligence: 1) measures of home environment differ among studies and may impact 
outcome and 2) sample characteristics, specifically SES and mean age of children 
examined differ among studies and may impact findings.  The second argument guides 
the present study in that Luster and Debow (1992) suggest that the effect of home 
environment may be most influential and most evident at the end of the preschool period, 
as at this time children are entering school and becoming more independent and 
autonomous.  Once the child enters school, other psychosocial factors may take on 
increasing importance and the influence the home characteristics may decrease.  
Therefore, different factors (maternal intelligence versus home environment) may be 
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more or less influential in the years prior to school entrance when compared to after entry 
into school. 
Guided by the above described findings, Luster and Dubow (1992) compared the 
extent to which home environment and maternal intelligence were predictive of verbal 
intelligence in two groups of children, 3- to 5- year olds (n = 1,336), and 6- to 8-year olds 
(n = 832).  Maternal intelligence was measured with the Armed Forces Qualification Test 
(AFQT, The Department of Defense, 1982) and home environment was examined by the 
HOME, a measure of the quality of cognitive stimulation and emotional support provided 
in the home.  Children’s intelligence was assessed with the Peabody Picture Vocabulary 
Test- Revised (PPVT-R).  Results showed a significant relation between home 
environment and child’s intelligence after the effect of maternal intelligence was 
partialled out in each age group; however, the contribution of home environment to 
individual differences in cognitive competence was considerably reduced when maternal 
intelligence was controlled.  Finally, it was found that the relative influence of the home 
environment was greater for the preschool-age children than for the elementary school 
children, with the effects of the home environment and maternal intelligence comparable 
in preschoolers, but maternal intelligence serving as a much stronger predictor than home 
environment in elementary school children.  It was concluded that the influence of the 
home environment is greatest during the preschool years and declines in importance as 
children get older and are placed in other settings for longer periods of time, such as in 
school (Luster & Dubow, 1992).   
 Finally, proximal and distal variables have been described in the literature to 
attempt to explain the differing impact of psychosocial factors, such as maternal 
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intelligence and home environment, in children of different age groups.  Home 
environment and maternal factors have been shown to influence academic achievement 
and intellectual development in children.  Although these factors are influential for all 
children, in children from low SES, these factors have been shown to be more influential 
than in families from higher SES.  Furthermore, the value of home environment variables 
in predictive models has been convincing with preschool-age children; however, with 
school-age children, the influence of different home factors is not as clear.  Differential 
effects of environmental variables according to how directly they influence the child have 
been illustrated by Bradley, Whiteside, et al., (1993) as well as Gottfried and Gottfried 
(1984).   Subscales from the HOME have been classified as either proximal or distal 
variables.  As defined by this measure, proximal variables are those that reflect 
conditions that are experienced directly by the child, such as chronic illness or SCD; 
distal variables are those that are experienced indirectly by the child, such as SES, 
maternal intelligence, and various other demographic characteristics.   
 
Summary 
SCD is a hereditary disease that primarily affects individuals of African-
American, Mediterranean, and Middle Eastern descent.  It is characterized by the 
presence of the hemoglobin variant HbS, sickle hemoglobin, which causes red blood cells 
to sickle in shape.  This sickling triggers red blood cells to sludge, which may lead to 
vascular occlusion (obstruction of blood vessels).  As hemoglobin cells are responsible 
for transporting oxygen to organ systems, many complications of SCD involve 
deprivation of oxygen and blood to tissues, specifically the brain.  Consequently, those 
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with SCD often experience pain episodes, infection, and stroke.  Although medical 
treatment for SCD is improving, the life expectancy of those with SCD is reduced, with 
the median age of death among females with the homozygous trait being 48 years, and 42 
years for males (Platt et al., 1994). 
The literature has focused on examining intellectual, neuropsychological, 
behavioral, and psychological functioning in children with SCD; however, consistent 
findings have not been documented.  Studies using more rigorous methodologies (sibling 
and matched control groups, identifying [through MRI] stroke history, using validated 
measures of intellectual and neuropsychological functioning) have found various areas of 
deficits among children with SCD.  Although no pattern of deficits has been identified in 
those with no history of stroke, a meta-analytic review (Schatz et al., 2002) showed that 
children with SCD have significantly lower IQ scores (4.3 points) than sibling or matched 
control groups (p <.01).  Furthermore, deficits have specifically been noted in attention 
and concentration, working memory, visual-spatial ability, and executive skills, such as 
problem solving, in children with SCD with history of overt and silent stroke (Armstrong 
et al., 1996; Bernaudin et al., 2000; Brown et al., 2000; DeBaun et al., 1998; Filley et al., 
1999; Schatz et al., 1999; Watkins et al., 1998).  Furthermore, studies examining age 
effects in young children with SCD find that very young children perform better than 
older children, when performance is compared cross-sectionally (Best et al., 2002). 
As deficits among those with SCD are noted, the potential causes of these deficits 
have been also been examined in the literature.  However, as SCD affects primarily those 
of ethnic minority status and low SES, living in urban areas, it is imperative to tease apart 
psychosocial factors from disease-related and biological factors.  It seems that no one 
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factor is most influential in predicting outcome in children with SCD.  The combination 
of multiple risk factors, such as maternal characteristics (low education, young age at first 
birth, absence of spouse or partner in home, high number of children in family) and low 
SES have been found as most predictive of adjustment in African American children 
(Dubow & Luster, 1990; Luster & McAdoo, 1994).  However no such studies have been 
conducted examining the impact of multiple risk factors on intellectual and 
neuropsychological development specifically in children with SCD.  Therefore, the 
compounded stresses associated with low SES and complications involving SCD would 
be predicted to accumulate in children with SCD and negatively affect functioning.  
As the neuropsychological development specifically in preschool-age children 
with SCD has been understudied, it is important to understand the abilities of children in 
this age group.  The frontal lobes have been identified as the most common area for 
stroke (silent and overt) in children with SCD, and as executive skills begin to emerge in 
preschool-age children, it is important to see when deficits in these functions begin to 
develop, in order to determine the necessity for early intervention.  Therefore, 
prospectively studying the neuropsychological functioning of preschool-age children over 
the course of a year might identify early processes of neuropsychological sequeale of 
SCD, and intervention programs and measures may be developed to screen for risk of 
neurological complications.  However, as discussed above, environmental factors also 
influence the outcome of children with SCD, and must be considered in program 
development.   
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Purpose of Present Study 
 There is limited research on the neuropsychological functioning of preschool-age 
children with SCD, and even less examining how these processes develop prospectively. 
The purpose of the present study was to examine the neuropsychological functioning of 
preschool-age children with SCD (range = 4 – 7 years old), and specifically changes in 
neuropsychological functioning over a one year period and its association with 
psychosocial factors such as disease severity, maternal education and income, and home 
environment.    
Deficits across intellectual and neuropsychological functioning in skills such as 
attention and concentration, memory, IQ, motor precision, and academic achievement 
have been noted inconsistently in children with SCD.  The inclusion of different 
genotypes of SCD within the same sample, no distinction between stroke status (overt, 
silent, or no evidence) in grouping, use of different comparison groups (siblings versus 
matched peers) and choice of instruments used to measure constructs have been cited as 
potential reasons for inconsistencies in findings.  For instance, when individuals with 
SCD, without consideration of stroke group, are compared to sibling or matched controls, 
deficits in IQ, academic achievement, and attention and concentration have been 
documented (Brown et al., 1993; Fowler et al., 1998; Goonan et al., 1994; Noll et al., 
1994; Wasserman et al., 1991).  When those with documented overt or silent stroke are 
compared to sibling or matched controls, a pattern of deficits associated with frontal lobe 
syndrome has been identified, such that their difficulties include working memory, 
attention, and executive functions (Armstrong et al., 1996; Bernaudin et al., 2000; Brown 
et al., 2000; DeBaun et al., 1998; Filley et al., 1999; Schatz et al., 1999; Watkins et al., 
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1998).  Furthermore, when those with documented overt or silent stroke are compared to 
children with SCD with no evidence of stroke, a similar pattern of deficits is noted; 
however, overt and silent stroke groups are more similar than when compared to healthy 
controls (Brown et al., 2000; Schatz et al., 2002).  For very young children with SCD 
similar deficits are noted; however, when compared to older children, very young 
children show fewer areas of concern (Best et al., 2002; Thompson et al., 2002).   
Although deficits have been documented, research on neuropsychological 
functioning in preschool-age children with SCD has not been sufficiently examined, with 
most current research including children ranging in age from 4 years to 16 years within 
the same study, and age effects not examined specifically.  Therefore, as executive skills 
are beginning to emerge in this young preschool-age group, it is important to assess 
neuropsychological functioning in these children to attempt to determine whether and 
when deficits begin to emerge in order to find an appropriate time and treatment plan for 
early intervention.  Furthermore, as children with SCD experience multiple stressors, the 
impact of disease-related, psychosocial, and home environment factors may impact 
functioning.   
The present study is a prospective study (one year later) based on a baseline 
examination of neuropsychological functioning in preschool-age children with SCD 
(Tarazi, 2004).  Specifically, current neuropsychological functioning (IQ, language, 
visuospatial and motor skill, memory/attention, and reasoning,) in children with SCD as 
well as the association of disease severity and psychosocial factors (home environment, 
maternal characteristics and income) with neuropsychological functioning was examined 
in the baseline study (Tarazi, 2004) and was examined in the present study.  Results of 
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the baseline study showed that although children with SCD (Mage = 51.3 months, SD = 
9.3) performed below the normative mean on all measures, their performance was still 
within the Average range on most domains and a relatively flat performance was 
observed.  Although disease severity and home environment were not correlated with 
neuropsychological functioning, maternal education and income were associated with 
Full Scale IQ, as well as domains of language, memory/attention, and 
visuospatial/visuoconstructional abilities.  Other home environment and psychosocial 
factors were also found to be associated with functioning; specifically the number of 
children in the home was negatively associated with Full Scale IQ and 
motor/sensorimotor skills and the number of hours the child spent in daycare/school per 
week was positively associated with language skill. 
There are three main hypotheses for the present study.  Hypothesis I examined 
current neuropsychological functioning in preschool-age children, ages 4 to 7 years.  
Specifically, it was hypothesized that children would perform below the normative mean 
on measures of neuropsychological functioning including IQ, Language, Visuospatial and 
Motor skill, Memory/Attention, and Reasoning.  Deficits in children with SCD have been 
noted in the literature (Armstrong et al., 1996; Bernaudin et al., 2000; Brown et al., 2000; 
DeBaun et al., 1998; Filley et al., 1999; Schatz et al., 1999; Watkins et al., 1998) and in 
this specific sample one year prior to the current assessment (Tarazi, 2004).  It should be 
noted that although it was expected for the children in our sample to perform below the 
mean, their qualitative performance was still hypothesized to be within the Average to 
Low Average range of functioning. 
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The second hypothesis examined developmental effects of SCD on 
neuropsychological functioning.  Although there is ambiguity in the literature, it seems 
that as children with SCD age, their performance declines and they fall behind peers.  
Therefore, it was expected that neuropsychological abilities of preschool-age children 
with SCD would decline over one year.  However, as their performance was compared to 
a normative sample, declines were expected to be small; their performance was expected 
to remain relatively stable over one year if not exposed to acute neurological damage.  
Specifically, Hypothesis II stated that preschool-age children with SCD would decline in 
neuropsychological performance (as quantified by standard scores) over a one-year time 
period. 
The last hypothesis examined environmental and disease-related factors that may 
predict neuropsychological performance.  Specifically, the association between disease-
related and psychosocial variables at baseline (1 year prior to current study) and current 
neuropsychological functioning was examined.  Based on previous research (Casey et al., 
2000; Luster & DuBow, 1992; Molfese et al., 1997; Nettles et al., 1994; Sameroff et al., 
1993; Thompson et al., 2002), as well as findings from the baseline study (Tarazi, 2004), 
Hypothesis III stated that psychosocial variables such as maternal education and income, 
and home environment (at baseline) would be stronger predictors of current 
neuropsychological functioning in preschool-age children with SCD than disease-related 
variables (at baseline).    
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III. METHODS 
Participants 
 Participants were recruited from subjects who participated in the study (baseline), 
Neuropsychological Functioning in Preschool-age Children with SCD: The Role of 
Illness-related and Psychosocial Factors (Tarazi, 2004).  In the baseline study (Tarazi, 
2004) children were recruited who were associated with the grant, Attributes of Sickle 
Cell Pain in Infants and Young Children, conducted at the Marian Anderson 
Comprehensive Sickle Cell Center at St. Christopher’s Hospital for Children in 
Philadelphia, PA.  Initial recruitment for studies associated with the grant occurred in 
1998, when eligible children with SCD aged 4 years and younger were recruited.  
Recruitment continued with new families entering the clinic population who had children 
aged younger than 4 years and with families of children with SCD attending the clinic 
during their second and third teaching visits, after the initial infant screening.  Families of 
children with SCD who attended the clinic were eligible for the baseline study if the child 
with SCD was between the ages of 3:0 and 5:11.   Children who experienced any of the 
following conditions were excluded from the initial study (and will also be excluded from 
the present study): history of overt stroke, documented mental retardation or other 
developmental delay, presence of acquired or congenital CNS insult (e.g. traumatic brain 
injury, tumor, epilepsy), presence of another major chronic illness in addition to SCD 
(e.g. cancer, diabetes), or non-English speaking parents.  As part of treatment, children 
less than 2 years of age are seen for follow-ups at the clinic every 3 months, and children 
over 2 years are seen every 4 months.  Recruitment for the baseline study (Tarazi, 2004) 
occurred during these routine visits, by letter, and by phone.  Data collection occurred at 
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routine visits and through home visits.  The initial study included 22 participants; the goal 
for the present study was 22 children.   
 Letters describing the study were sent to the parent or legal guardian of each child 
that participated in the baseline study.  The letter included information regarding the 
purpose of the present study, and informed families that they would receive a phone call 
regarding their participation in the study.  A follow-up phone call was placed one to two 
weeks after the letter was sent, at which time the present study and its relation to the 
baseline study was described in more detail.  If a family was interested in participating in 
the study, an appointment to complete the study protocol was scheduled.  Letters were 
sent to all 22 families that participated in the baseline study.  Participation rate for the 
baseline study was 92.6%. 
 
Measures 
 The following demographic information was collected from a parent or legal 
guardian in the baseline study and was collected again in the present study: age and 
gender of child, parental age, parental marital status, parental education, family income, 
parental occupation, number of primary caregivers, number of children living in the 
home, and number of siblings living in the home.  Additional questions regarding the 
child’s birth order in the family was included in the general information form.  As part of 
the baseline study, parents were provided with a report describing their child’s 
neuropsychological functioning, which also included recommendations based on 
findings.  A semi-structured interview with the parent was completed as part of the 
present study to assess the families’ ability to access recommended services and whether 
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they followed home-based recommendations (if not, why).  The child’s placement in 
preschool, day care, or early intervention/special education services, as well as 
independent therapies (i.e., occupational therapy, physical therapy, speech and language 
therapy) was also recorded through interview, specifically information regarding the type 
of placement, how many hours the child spends there per week, the number of other 
children in the class, and days missed due to SCD was gathered, as these factors are 
highlighted in the literature.  All additional proposed measures and associated variables 
are outlined in Table 1. 
Illness-related Risk Factors 
 SCD-related severity was determined through chart review.  As a chart review is 
required in other clinic grant-related studies in which the children are participants, a 
research file established for each child contained necessary information such as SCD 
genotype, documented number of visits to the hospital/ER in the last 12 months, average 
of last 3 Hbg levels, documented number of pain episodes in the last 12 months, and 
documented days of pain in the last 12 months.  Additional longitudinal variables were 
available for children who were participants in clinic grant-related studies for longer than 
12 months, including average difference (increase or decrease) in number of visits to 
hospital/ER and number of pain episodes per year.  Two SCD severity scores were 
calculated: 1) (12.5g/dL and difference between average of last 3 Hbg levels) + (number 
of pain episodes in the last 12 months) + (number of visits to the hospital/ER in the last 
12 months), and 2) (12.5g/dL and difference between average of last 3 Hbg levels) + 
(number of visits to the hospital/ER in the last 12 months).  Each of the three variables 
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included in the first severity summary score was examined separately, as well as SCD 
genotype.   
Psychosocial Risk Factors 
 The Pediatric Inventory for Parents (PIP; Streisand, Braniecki, Tercyak, & Kazak, 
2001) is a measure used to assess parenting stress associated with caring for a child with 
a chronic illness.  The PIP is a 42-item measure that asks parents to rate, on a 5-point 
Likert-type scale, how frequently a problem has occurred in the past week, and the level 
of difficulty associated with the problem.  Subscales include communication (e.g., 
speaking with medical staff), emotional functioning (e.g., feeling numb inside), medical 
care (e.g., watching my child have trouble eating), and role function (e.g., noticing a 
change in my relationship with my partner); frequency and difficulty scores can be 
summed for each subscale.  The PIP was developed on a pediatric cancer population, and 
its reliability and validity was established with this population.  Although there has been 
no research using this measure with a pediatric SCD population, it has been found 
reliable in assessing parental stress associated with pediatric cancer.  As parental 
characteristics have been shown to impact children’s adjustment, a tool to assess parental 
stress may be useful for those with SCD.  Overall total frequency and difficulty scores 
were summed for each domain in the present study to describe the sample; however, 
frequency and difficulty scores from baseline were used in Hypothesis III. 
 The Home Environment Questionnaire (HEQ) was administered to assess aspects 
of the home environment.  The HEQ is a paper-and-paper measure adapted for the 
baseline study from interview questions from the Home Observation for Measurement of 
the Environment (HOME), one of the most widely used broad-scale observation 
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measures of home environment.  The HOME was standardized on a sample of medically 
fragile infants and those with neurological impairment (Holditch-Davis, Tesh, David-
Goldman, Miles, & D-Auria, 2000).  The HOME’s factor structure has been validated for 
both African American and Caucasian families; these factors include: Learning, 
Stimulation, Teaching, and Other (Bradley et al., 1994).  Although no significant results 
were found using this measure in the baseline study, it was included in the present study 
for qualitative comparison and sample description.  Total scores from baseline were used 
in the present study in Hypothesis III. 
Neuropsychological Outcome Measures    
 Domains of functioning assessed in the present study included General 
Intelligence, Language, Visuospatial skill, Motor skill, Memory/Attention, and 
Reasoning, as these are standard areas assessed in a neuropsychological evaluation 
(Hooper, 2000).  All measures from the baseline study were included in the present study.  
Additional measures of executive functioning and attention were included in the present 
study in an effort to more carefully assess these areas, as they were most predictive at 
baseline.  Reliability analyses conducted after data was collected indicated that the some 
of the measures in the proposed domains were not highly correlated.  Therefore, some 
domains were reconceptualized to increase reliability and decrease overlap in measures 
between domains.  Table 2 presents proposed domains/measures and respective 
Chronbach’s alphas, as well as the reconstructed domains/measures and respective 
Chronbach’s alphas. 
There were several reasons the neuropsychological measures in the baseline and 
present study were chosen.  First, all measures are widely used with and were developed 
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for preschool-age children.  Also, the most updated version of tests was chosen.  
Although, there are few published studies specifically examining the neuropsychological 
functioning in preschool-age children with SCD, the tests chosen for the present study 
purport to measure areas of functioning similar to those used with older children with 
SCD, as well as healthy preschool-age children.  Furthermore, in order to ensure optimal 
effort, in test selection, test length was considered, as preschool-age children have a 
limited attention span.  The domains typically assessed in a full child neuropsychological 
evaluation were considered in the chosen battery with tests measuring: general 
intellectual functioning, language, visuospatial skill, motor skill, attention/memory, and 
reasoning.  Although no specific battery has been identified as superior in the literature, a 
battery of tests that purport to measure the above areas has been recommended (Gioia et 
al., 2001; Noll et al., 2002).  The entire battery for the present study was expected to take 
85-105 minutes to administer to participants 4 – 7 years old.    
 General intellectual functioning was measured with the Wechsler Preschool and 
Primary Scale of Intelligence- Third Edition (WPPSI-III; Wechsler, 2002).  Scores on 
this measure are clustered into a Verbal (VIQ), Performance (PIQ), and Full-Scale IQ 
(FSIQ) scores.  The WPPSI-III was standardized on a sample of 1,700 children (with an 
equal number of males and females) whose race and ethnicity were matched to that of the 
US according to 2000 Census data.  Five parental education levels were represented, 
ranging from 8 years or less to at least 16 years of education.  Normative data for 9 age 
groups of children are available.  For the present study, seven core subtests were used 
(Information, Vocabulary, Word Reasoning, Block Design, Matrix Reasoning, Picture 
Concepts, and Coding), which was expected to take 40-50 minutes to complete.  From 
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these selected subtests, VIQ, PIQ, and FSIQ (General Intelligence domain) could be 
computed.  Selected subtests were used in specific domains: 1) Information, Vocabulary, 
and Picture Naming (Language domain), 2) Coding (Motor domain), 3) Block Design 
and Picture Concepts (Visuospatial domain), and 4) Word Reasoning and Matrix 
Reasoning (Reasoning domain).   
 For the remaining domains examined, subtests from the NEPSY (Korkman, Kirk, 
& Kemp, 1988), Differential Abilities Scale (DAS; Elliott, 1990), and the Purdue 
Pegboard Test (Tiffin, 1968) were used to measure abilities.  The NEPSY is a battery that 
uses a developmental framework to assess neurocognitive functioning in children ages 
3:0 though 12 years.  Scores on this battery are clustered into five domains: 
Attention/Executive Functioning, Language, Sensorimotor, Visualspatial, as well as 
Memory and Learning.  The NEPSY was standardized on a sample of 1,000 children 
(with an equal number of males and females) whose race and ethnicity were matched to 
that of the US according to 1990 Census data.  Three parental education levels were 
represented, ranging from 12 years or less to at least 16 years of education.  Normative 
data for 9 age groups of children are available.  For the present study, subtests 
administered included Sentence Repetition (Memory/Attention domain), Visual Attention 
(Memory/Attention domain), Auditory Attention (proposed Memory/Attention domain), 
Design Copy (Visuospatial domain), and Visuomotor Precision (Motor domain).   
 The DAS is a developmental neuropsychological battery that assesses 
neurocognitive and academic functioning in children and adolescents ages 30 months 
though 17 years.  Scores on this battery are clustered into verbal and nonverbal abilities.  
The DAS was standardized on a sample of 3,475 children whose race and ethnicity were 
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matched to that of the US according to 1980 Census data (Elliott, 1990).  Four parental 
education levels were represented, ranging from 12 years or less to at least 16 years of 
education.  There is evidence for adequate reliability and validity (Bracken & Walker, 
1997; Hooper, 2000).  For the present study, subtests administered included Verbal 
Comprehension (Language domain) and Recognition of Pictures (Memory/Attention 
domain). 
 The Purdue Pegboard (Motor domain) is a widely used measure of motor skill and 
coordination.  The child version of the pegboard was used in the present study.  There is 
little normative data on this test for preschool-age children, but norms that will be used 
were based on (Spreen & Strauss, 1998).   
The (BRIEF-P) is a parent rating form that assesses executive functions and their 
development within the context of the child’s everyday environment (i.e., home and 
school) in children and adolescents ages 2.0 – 5:11 years.  Scores on this battery are 
clustered into subscales associated with executive functioning specifically measuring 
inhibition, shifting, emotional control, working memory, and planning/organization 
ability.  The BRIEF-P was standardized on a sample of 376 children whose 
race/ethnicity, gender, SES, and age were matched to that of the US according to 2000 
Census data.  Clinical samples included children in the following diagnostic/clinical 
groups: ADHD, prematurity, language disorders, autism spectrum, and mixed clinical.    
There is evidence for adequate reliability and validity of this measure; specifically high 
internal consistency reliability, test-retest reliability, as well as adequate convergent and 
divergent validity (with other measures of inattention, hyperactivity-impulsivity, 
depression, atypicality, anxiety, and somatic complaints) have been documented (Gioia, 
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et al., 2004).  Factor analysis provided support for a three-factor model of executive 
functioning, with the working memory and planning/organization subscales comprising 
the first factor, the shift and emotional control subscales comprising the second factor, 
and the inhibition and emotional control subscales defining the last factor.  For the 
present study, it was proposed that the Global Executive Composite would be examined 
and included in the Attention/Executive Functioning domain; however, as the scale was 
normed on children up to age 5:11, the majority of the present sample was too old to be 
given this measure under standardized conditions.  Therefore, the BRIEF-P was removed 
from the Memory/Attention domain, but still administered to all children who 
participated in the study.  Follow-up analyses, as will be discussed later, examined 
information gained from this non-standardized administration. 
The measures that correspond with the proposed domains of functioning are listed 
in Table 1.  Scores of tests that purport to measure domains of functioning were 
computed into standard summary scores for the particular domain of functioning, based 
on post-hoc reliability analyses from the present study.  It was hypothesized that many of 
the problems associated with measures in the baseline study were attributed to age effects 
with the children younger than 4 years.  Therefore, as all children in the present study 
were older than 4 years, all measures included in the initial study were included in the 
present study.  Furthermore, the Auditory Attention subtest of the NEPSY and the 
BRIEF-P were added to further examine attention and executive functioning.  Alternate 
counterbalanced sequences of the test battery were administered in order to attempt to 
control for practice and fatigue effects.  Each sequence began with the NEPSY Design 
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Copying subtest, followed by the WPPSI-III.  The two sequences of the battery are listed 
in Table 3.  Each child was randomly assigned one of the two counterbalanced sequences. 
 
Procedures   
 The procedures for the present study were the same as for the baseline study 
(Tarazi, 2004), as there were no noted problems with the original procedure.  Scheduled 
appointments for the evaluation took place either before or after the child’s regular clinic 
visit or during a home visit.  First, consent was obtained, then, further explanation of the 
purpose, risks, and benefits of the study was provided (allowing for the parent to ask any 
relevant questions).  The basic purpose of the evaluation was also explained to the child.  
Following the signing of the consent form, the evaluation was completed by an advanced 
level doctoral student (the author of this dissertation).  Evaluations took place in a quiet 
room at the Marian Anderson Comprehensive Sickle Cell Center at St. Christopher’s 
Hospital for Children, or at the child’s home.  The parent was allowed to remain in the 
testing room throughout testing if the child was unable to easily separate from the parent.  
A snack consisting of crackers/cookies and juice was offered to the child during testing 
and he/she choose an inexpensive toy to take home, at the completion of testing.   
 Results of the evaluation were compiled into a brief report through consultation 
with a supervising pediatric neuropsychologist (MG).  Verbal feedback to the parents was 
provided over the telephone and a written copy of the report was sent via mail and was 
placed in the participants’ medical chart if the parent consented.   
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Testing Environment 
 As previously stated, assessments took place either in the child’s home or during a 
regularly scheduled clinic visit at the sickle cell center.  The majority of assessments 
were conducted as a home visit (n = 15, 83.3%).  Location of the assessment was not 
correlated with any demographic variables.  Results of an independent samples t-test 
showed no differences between those children tested at home and those tested in the 
clinic in age, disease-related variables, or neuropsychological outcome measures.   
 After each assessment, the quality of the testing environment was evaluated on a 5 
point Likert-type scale from “seriously detrimental” to “optimal” by the examiner.  The 
majority (n = 14, 77.8%) of situations were rated as “good” (2 on the scale) with 5.6% (n 
= 1) rated as “optimal” (1 on the scale), 11.1% (n = 2) rated as “average” (3 on the scale) 
and 5.6% (n =1) as “detrimental” (4 on the scale).  In this situation, there was no table on 
which to work and there were several children entering and leaving throughout the 
assessment, however, it was felt that the child was able to complete the assessment to the 
best of his ability.  Quality of the testing environment was not correlated with any 
demographic or disease-related variables; however, quality of the testing environment 
was negatively associated with performance on the Visuospatial domain (r = -.53, p = 
.027), such that better performance on this domain was associated with better quality in 
the testing environment.  In order to account for this association, in the regression 
analyses conducted to examine the Visuospatial domain in hypothesis III, quality of the 
testing environment was controlled by entering it on step 1.   
 As previously noted, participants were administered neuropsychological test 
measures in two counterbalanced orders.  Eleven participants (61.1%) were given version 
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A while seven (38.9%) participants were given version B.  Results of an independent 
samples t-test found no significant differences between order of administration on 
performance on neuropsychological domains. 
 
Approach to Data Analyses 
 Preliminary analyses were conducted to examine the data for normal distribution 
and any outliers.  Hypotheses I and II used a Bonferroni correction, with a p value <.01; 
for hypothesis III, a p value of .05 was used.  Descriptive analyses were conducted to 
describe the sample on demographic and disease-related variables.  Zero order 
correlations were conducted in order to examine overlap in domain construction , to 
examine whether demographic or disease-related variables were correlated with outcome 
measures, as well as to determine which variables would be entered into regression 
equations.  Only those variables that correlated significantly with outcome measures were 
considered for the regression analysis to examine hypothesis III.   
 Each neuropsychological subtest score was converted into a standard score (M = 
100, SD = 15).  For each domain of functioning, the standard scores of the subtests that 
comprise the domain were summed and divided by the number of subtests in each 
domain in order to yield one standard score per domain.   
Approach to Hypothesis I 
 The first hypothesis stated that children with SCD would perform below the 
normative mean on measures of neuropsychological functioning. Standard scores for the 
sickle cell group were compared in a one-sample t-test to determine whether the sample 
differed significantly from a normative mean of 100; a Bonferroni correction was used to 
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attempt to control for type I error.   Scores on domains of functioning were also 
converted to z-scores in order to qualitatively examine where the samples’ performance 
falls.  The Average range of functioning lies between z-scores of -.70 to .70, or the 25th to 
75th percentile.  Therefore, the sample was considered to perform significantly better or 
worse than the normative sample if their score fell above .70 or below -.70, respectively.   
Approach to Hypothesis II 
 The second hypothesis examined developmental effects on performance in 
children with SCD.  Neuropsychological domains at baseline were recomputed to match 
domains used at present for consistency.  Specifically, Hypothesis II predicted that for 
children with SCD, performance on measures (domains) of neuropsychological 
functioning would decline over one year.  Paired-samples t-tests were conducted to 
examine this hypothesis.  
Approach to Hypothesis III 
 The third hypothesis examined which psychosocial and disease-related factors 
measured at time 1 (baseline) predicted neuropsychological functioning at time 2 
(present).  Preliminary correlations were used to determine which variables would be 
entered into the hierarchical regressions and the order in which variables would be 
entered.  If any significant correlations between demographic variables and outcome 
measures were noted in preliminary analyses, they were controlled for by entering them 
first.  Maternal income/education was most strongly associated with neuropsychological 
domains, and was therefore entered on the first step of each regression (if correlated with 
the respected domain).  Family environment variables were also associated with various 
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neuropsychological outcome measures and were entered on separate steps of the 
regression in descending order of significance.   
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IV. RESULTS 
Sample Description 
Demographic Characteristics of Present Study Participants 
Demographic composition of the sample is described in Table 4.  Mean age was 
67.50 months (SD = 10.0, range = 54 to 85 months).  The gender distribution was 77.8% 
(n = 14) male and 22.2% (n = 4) female.  The majority of the sample (94.4%, n = 17) was 
African American, with one child (5.6%) being of Hispanic descent.  Most of the children 
were right handed (94.4%, n = 17), and the majority of the sample of children attended 
either a formal preschool or daycare (83.3%, n =15) and spent an average of 29.5 
hours/week there (SD = 15.5, range = 0 – 45).  
Demographic Characteristics of Study Participant Caregivers 
The majority of caregiver reporters were mothers (88.9%, n = 16); in one instance 
the child’s father completed the forms (biological parents were married and both lived in 
home) and in the other instance, the child’s grandmother completed forms (child’s 
primary caregiver).  Data on fathers were not collected and therefore subsequent analyses 
will focus on maternal characteristics (which will also include the grandmother caregiver 
who completed forms).  Mother’s average age was 32.3 years (SD = 8.5, range = 22 – 
49).  This mean does not include the grandmother reporter’s age, as data are missing for 
the grandmother reporter’s age; therefore the mean caregiver age may be an 
underestimate.  Mothers typically had at least a high school education (n = 15, 83.3%).  
Family income was below $39,999 for 61.1% (n = 11) of the sample; 50% (n = 9) of the 
caregiver reporters were married or partnered and 50% (n = 9) reported they were single 
or divorced.   
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Demographic Characteristics of Participants at Baseline 
Demographic characteristics of the baseline sample are also included in Table 4 
for comparison.  At baseline, mean age of the sample was 51.3 months (SD = 9.4, range = 
40 to 70 months).  The gender distribution was 72.7% (n = 16) male and 27.3% (n = 6) 
female.  The majority of the sample (n = 20, 90.9%) was African American, and most of 
the children were right (or predominantly right) handed (n = 20, 90.9%).  The majority of 
caregiver reporters were mothers (n = 20, 90.9%) who typically had at least a high school 
education (n = 18, 81.8%).  Family income was below $39,999 for 72.7% (n = 16) of the 
sample, and 54.6% (n = 12) of the caregiver reporters were married or partnered.  The 
majority of the sample attended either a formal preschool or daycare (n = 15, 77.3%) and 
spent an average of 33.6 hours/week there (SD = 11.1, range = 8 – 50). 
Disease-related Variables of Present Study Participants 
Disease-related variables such as SCD genotype and average of last three 
measured hemoglobin levels, as well as pain episodes and hospitalizations in the past 
year are summarized in Table 5.  Half of the sample was diagnosed with Hb/SS (n = 9) 
and the other half was diagnosed with either HbSC/βthal (n = 9); the average of the last 
three hemoglobin levels measured was 9.8 g/dL (SD = 10.7, range = 6.8 – 12.3).  
Seventy-two percent (n = 13) of the children in the sample had a TCD scan, 61% (n = 11) 
had an MRI, and 55.6% (n = 10) of the sample had both a TCD and MRI.  According to 
chart review, only 1 child (5.9%) evidenced an “abnormal” reading on the TCD scan 
(details were not available regarding further description of the “abnormality”); all MRI 
reports were unremarkable.  Two of the children in the present study (11.1%) were 
receiving chronic transfusion therapy and one child (5.6%) was receiving hydroxyurea as 
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treatment.  According to chart review, children spent an average of 1.4 days (SD = 2.8, 
range = 0 – 11) in the hospital in the past year.  According to pain diaries kept as part of 
the larger study, parents reported that children had an average of 2.5 pain episodes (SD = 
3.8, range = 0 – 12) in the past year.   
For the present study, two disease severity summary scores were calculated.  
Severity 1 summary score used hemoglobin levels (12.5 g/dL – average of last 3 
hemoglobin levels measured), plus the number hospitalizations and pain episodes over 
the past year (M = 7.00, SD = 5.00, range 1.10– 16.90).  Chronbach’s alpha for Severity 1 
was low (.008); however, this first summary score included “objective” (i.e., hemoglobin 
levels, number of documented hospitalizations- it should be noted that number of 
documented hospitalizations has a subjective component- e.g., parents decision to take 
child to emergency room) and subjective variables (reported pain episodes).  The second 
severity summary score (Severity 2) included only the “objective” variables (M = 4.25, 
SD = 3.05, range 1.10– 14.90) and the Chronbach’s alpha for the second severity score 
increased to .236, but was still low.  As the Severity 1 summary score was used in the 
baseline study and is consistently used in the literature (Brown, Buchanan et al., 1993; 
Thompson et al., 2002; Thompson et al., 2003), Severity 1 was used in the present study 
as proposed, as well as Severity 2.  Genotype, hemoglobin levels, pain episodes, and 
hospitalizations were also assessed separately in follow-up analyses.   
When the HbSS and HbSC/βthal groups were compared on disease-related 
variables, no significant differences were noted between the groups on number of pain 
episodes or hospitalizations in the past year; however, significant differences were noted 
in average of last three measured hemoglobin levels (t [16] = -8.5, p = .000) and both 
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severity composite scores (Severity 1 [t (16) = 2.4, p = .035]; Severity 2 [t (16) = 3.5, p = 
.005]) with the HbSS group having significantly lower hemoglobin levels and 
significantly higher severity impact sores.  This would be expected given that the 
homozygous condition of SCD is associated with increased disease severity (Platt, 
Brambilla et al., 1994).  When the HbSS and HbSc/βthal groups were compared on 
neuropsychological and psychosocial variables, no significant differences between 
groups were noted on any measure. 
Disease-related Variables of Baseline Study Participants 
 Disease-related variables as measured at baseline are included in Table 5 for 
comparison.  No significant differences from baseline to the present study were noted on 
any disease-related variables measured (Average of Last 3 Hemoglobin Levels [t(13) = -
0.9, p = ns]; Number Hospitalizations [t(15) = 0.4, p = ns]; Number Pain Episodes [t(13) 
= -0.6, p = ns]; Severity 1 [t(12) = -0.1, p = ns]; Severity 2 [t(13) = 1.1, p = ns]).   
Psychosocial Functioning of Present Sample 
Descriptive information for parent-report psychosocial functioning measures is 
presented in Table 6.  Mean HEQ total score was 25.4 (SD = 4.9, range = 13 - 35).  As 
this measure was developed for this study, there are no normative data available for 
comparison.  On this measure, although 89% of caregivers reported that there are more 
than 10 “books in the home”, 83% reported that the “television is on in the home” more 
than 3 hours/day.  Furthermore, it was reported that only half of the children “see their 
father on a regular basis.”  At baseline, the mean HEQ total score was 25.0 (SD = 5.8, 
range = 15-38).  No significant difference from baseline to the present study was noted on 
the HEQ (t[17] = -0.23, p = ns). 
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Mean total scores for PIP Frequency and Difficulty were 80.5 (SD = 25.1, range = 
43 - 122) and 73.3 (SD = 24.6, range = 42 - 121), respectively.  At baseline, the mean PIP 
Frequency and Difficulty were 99.6 (SD = 21.9, range = 52-145) and 86.0 (SD = 22.7, 
range = 43-135), respectively (Table 6).  Results of a paired samples t-test revealed no 
significant differences from baseline to the present study on the PIP Frequency (t[14] = -
1.54, p = ns) or Difficulty (t[14] = -0.93, p = ns) scores.  In a pediatric oncology sample, 
Streisand et al. (2001) reported an inverse relationship (from that noted at baseline and in 
the present study) between the composite scores, such that PIP Difficulty (M = 112.4, SD 
= 35.1) was higher than Frequency (M = 94, SD = 33.3).  For the present sample, mean 
values for both subscales are below that reported for the pediatric oncology sample.  
Semi-structured Interview  
Caregivers were also administered a semi-structured interview (created for this 
project; see Appendix B) assessing recommendation implementation and treatment since 
the first assessment.  As previously noted, verbal feedback of results at baseline was 
provided to parents of participants by phone and a written report/summary of results and 
recommendations was sent by mail.  Examples of recommendations included educational 
activities/games that could be played at home to strengthen skills, early intervention/Head 
Start, sharing report with school to guide academic support/services, or sharing report 
with medical team for follow-up.  Descriptive information for the interview is included in 
Table 7.  When asked whether reporters remembered any recommendations (in general) 
from the first assessment, the majority reported that they did not recall any 
recommendations (n = 13, 76.5%).  Of those who did remember recommendations, all 
reported they were unable to access recommended services.  When reporters were asked 
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more specifically if they remembered any home-based recommendations, and whether 
they were able to implement them, a majority of the sample reported that they were able 
to implement home-based recommendations (n = 11, 64.7%).  Of those who implemented 
them, examples of home-based recommendations that were implemented included 
reading to child and putting together puzzles.  Caregivers reported that 23.5% (n = 4) of 
the sample received independent therapies since the first assessment; specifically, it was 
reported that 2 children (11.8 %) received speech therapy, 1 child (5.9%) received 
occupational therapy, and 1 child (5.9%) received physical therapy.  Data were not 
specifically collected to indicate whether these therapies were sought in response to 
recommendations from the first assessment.  There were no significant differences 
between those who received therapy and those who did not on any neuropsychological 
domain measured at baseline or present. 
Comparison of Participants to Non-participants 
 The baseline study included 22 participants; the present study was able to 
successfully recruit and assess 18 of these participants (81.9%), representing an 18.1% 
attrition rate.  Reasons for non-participation included: 1) first assessment not helpful (n = 
3, 16.7%) and 2) extended travel out of the country (n = 1, 5.6%).  The attrition rate for 
the present study (18.1%) is lower than that reported over a one-year period in the 
Cooperative Study of Sickle Cell Disease (47%) (Thompson et al., 2003), as well as 
when children with pediatric asthma were prospectively examined over one year (29%) 
(Zebracki et al., 2003), and when older African American adults with chronic illness were 
followed over one year (30%) (Warren-Findlow, Prohaska, & Freedman, 2003).   
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 Independent samples t-test and chi-square analyses were conducted to examine 
differences in children who participated in the study at baseline (n = 18) to those who did 
not participate in the present study (n = 4).  Demographic variables (as measured at 
baseline) such as participants’ age, ethnicity, maternal education and marital status, 
family income, and caregiver age, were examined.  No significant differences were found 
between participants and non-participants on demographic variables as measured at 
baseline.  Similarly, there were no significant differences found in disease and home 
environment-related variables, such as genotype, Severity 1 & 2 summary scores, PIP 
Difficulty and Frequency summary scores, and the HEQ total score when compared 
between participants and non-participants.  When performance on neuropsychological 
domains was examined, no significant differences between groups were found for IQ, 
language, attention/memory, motor/visuomotor, or, visuospatial/visuoconstructional 
domains, as conceptualized at baseline.  In contrast, when information regarding 
daycare/school status was examined, significant differences between groups on whether 
or not the child attended daycare/school were noted.  At baseline, only 25% (n = 1) of 
non-participants were in school, whereas 88.9% (n = 16) of participants were in school 
(X2 [1, n = 22] = 7.6, p = .006).   
Missing Data 
 Subtests were discontinued or deemed invalid if the child was unable to 
understand/follow directions, or did not give adequate attention to complete the task.  As 
the majority (n = 12, 66.7%) of children were unable to either understand the directions 
or follow task demands for the NEPSY Auditory Attention subtest, it was dropped from 
analyses.  Those who completed this task were significantly older than the mean of the 
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sample [Mcompleted Auditory Attention = 75.6 months, SD = 9.1, range = 65 – 78; (t[16] = -2.8, p 
= .013)].  Other subtests that children were not able to complete included WPPSI-III 
Vocabulary (n = 1), WPPSI-III Coding (n = 1), NEPSY Design Copy (n = 1), and 
NEPSY Visual Attention (n = 2).  Only 6 children (33.3%) were able to complete the 
entire assessment, as proposed, while 15 children (83%) were able to complete the entire 
assessment after the NEPSY Auditory Attention subtest was removed.   
Number of hospitalizations and pain episodes in the past year, as well as last three 
recorded Hgb levels, were missing for three children (17%) included in the present study.  
Pain data were missing for one child (6%) participating in the present study due to 
noncompliance within the larger study. 
Neuropsychological Performance of Present Sample 
Descriptive information for each domain is presented in Table 8; scores are based 
on M = 100, SD = 15.  Mean General IQ score (WPPSI-III Full Scale IQ; n = 18) was 
89.8 (SD = 12.1, range = 67 - 116).  Mean score for the Language domain (WPPSI-III 
Vocabulary, WPPSI-III Information, WPPSI-III Picture Naming, DAS Verbal 
Comprehension; n = 15) was 88.6 (SD = 11.1, range = 68 - 104).  Mean score for the 
Motor Skill domain (NEPSY Sentence Repetition, Purdue both hands, WPPSI-III 
Coding; n = 17) was 93.4 (SD = 10.2, range = 78 - 119).  Mean score for the 
Memory/Attention domain (NEPSY Sentence Repetition, NEPSY Visual Attention, DAS 
Recognition of Pictures; n = 16) was 97.3 (SD = 10.1, range = 83 - 117).  Mean score for 
the Visuospatial domain (WPPSI- III Block Design, WPPSI-III Picture Concepts, 
NEPSY Design Copy; n = 17) was 92.4 (SD = 9.9, range = 77 - 113).  For the Reasoning 
domain (WPPSI-III Word Reasoning, Matrix Reasoning; n = 18), mean score was 90.6 
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(SD = 10.2, range = 68 - 105).  Although below the mean based on normative data, all 
domain scores fell in the Low Average to Average range.  For comparison, domain scores 
at the baseline assessment are also presented in Table 8. 
 
Preliminary Analyses  
Association of Sample Characteristics with Neuropsychological Functioning 
To determine appropriate control variables, Pearson and Spearman correlations, 
as appropriate, were computed to examine the association between sample characteristics 
and present neuropsychological functioning (see Table 9).  Based on correlations, 
participants’ age, sex, and ethnicity, were not significantly correlated with IQ, Language, 
Motor, Memory/Attention, Visuospatial, or Reasoning domains. However, results of an 
independent samples t-test indicated that right handed children performed better on the 
IQ (t[16] = 2.1, p = .047), Language (t[13] = 2.2, p = .044) and Reasoning (t[16] = 2.7, p 
= .014) domains than the left handed child.  In the regression analyses examined in 
hypothesis III, sample characteristics (i.e., handedness) significantly associated with the 
respective domains were entered in step 1 as covariates. 
Association of Testing Variables with Present Neuropsychological Functioning 
To further evaluate for control variables, Pearson and Spearman correlations, as 
appropriate, were computed to examine the association between present testing variables 
and present neuropsychological functioning (see Table 9).  Based on correlations, 
location and order of the assessment, as observed in the present assessment, were not 
significantly correlated with IQ, Language, Motor, Memory/Attention, Visuospatial, or 
Reasoning domains.  However, the quality of the testing environment (r = -.54, p = .027) 
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was significantly associated with the Visuospatial domain.  In the regression analyses 
examined in hypothesis III, test variables (i.e., quality of the testing environment) 
significantly associated with respective domains (i.e., Visuospatial domain) were entered 
in step 1 as covariates. 
Association of Neuropsychological Domains 
 To examine correlations and potential overlap between reconstructed 
neuropsychological domains, Pearson and Spearman correlations, as appropriate, were 
conducted.  No significant correlations were found between the Memory/Attention 
domain and other domains of functioning.  However, the IQ domain was significantly 
correlated with all domains, with the exception of the Memory/Attention domain.  
Overall, results show some overlap between neuropsychological domains, however, it 
seems that these domains are measuring different skills, as there were fewer significant 
correlations found between specific domains (i.e., the Visuospatial domain was the only 
domain, other than IQ, that was significantly associated with the Motor domain) than 
between respective domains and IQ. 
 
Examination of the Hypotheses 
Performance of Present Sample on Neuropsychological Measures 
Hypothesis I stated that the present sample would perform below the normative 
sample mean in assessed domains of neuropsychological functioning.  In order to 
determine whether the sample performed meaningfully below the published normative 
data, domain scores were converted to z-scores.  Scores less than z = -0.70 were 
considered meaningfully below the mean, falling in the Low Average range.  
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Performance on all domains fell below the normative mean of 100 and is reported in 
Table 8.  Scores on the Motor (M = 93.4, SD = 10.2; z = -0.47), Memory/Attention (M = 
97.3, SD = 10.1; z = -0.20), Visuospatial (M = 92.4, SD = 9.9; z = -0.74), and Reasoning 
(M = 90.6, SD = 10.2; z = -0.69) domains still fell within the Average range of 
functioning, whereas performance on Full Scale IQ (M = 89.8 SD = 12.1; z = -0.74) and 
Language (M = 88.6, SD = 11.1; z = -0.80) domains fell in the Low Average range. 
A one-sample t-test was conducted using 100 as the test value to determine whether 
domain performance was statistically different from the mean.  A Bonferroni correction 
was used to protect against Type I error, with statistical significance being met if p < .008 
(.05/6).  All domains that were described as falling meaningfully below the mean (in the 
Low Average range) also fell statistically below the mean when examined by t-test, Full 
Scale IQ (t[17] = -3.6, p = .002) and Language (t[14] = -4.0, p = .001).  In addition, the 
Visuospatial (t[17] = -3.2, p = .006) and Reasoning (t[17] = -3.9, p = .001) domains fell 
significantly below the mean.  Performance on the Memory/Attention and Motor domains 
did not fall statistically below the mean.  Hypothesis I was partially supported. 
Change in Neuropsychological Performance Over One Year 
Hypothesis II stated that the sample’s present performance would be poorer than 
measured at baseline when quantified by standard scores.  It should be noted that declines 
were expected to be small.  Domains at baseline were recalculated to match domains in 
the present study (in order to compare performance over time on the same subtests, 
comprising each domain).  Results of a paired-samples t-test showed no significant 
differences in performance across domains (see Table 8).  A Bonferroni correction was 
used to protect against Type I error, with statistical significance being met if p < .008 
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(.05/6).  It should be noted that although non-significant, performance on the 
Memory/Attention and Reasoning domains was lower at present than at baseline, when 
standard scores were examined.  When participants’ performance was individually 
examined by standard scores by domain, 9/18 participants’ performance declined on the 
IQ domain, 2/7 participants’ performance declined on the Language domain, 4/10 
participants’ performance declined on the Motor Skills domain, 9/14 participants’ 
performance declined on the Memory/Attention domain, 3/11 participants’ performance 
declined on the Visuospatial domain, and 2/11 participants’ performance declined on the 
Reasoning domain.  Hypothesis II was not supported. 
Association of Baseline Psychosocial and Disease-related Factors with Present 
Neuropsychological Functioning 
 
To examine whether psychosocial variables at baseline were stronger predictors 
of neuropsychological functioning at the present assessment than disease-related 
variables, five forced-entry regression analyses were conducted.  Correlation analyses 
examining the association of psychosocial and disease-related variables, as well as 
maternal characteristics and family variables with neuropsychological outcome informed 
which variables would be entered into each regression, such that those that were 
significantly associated (p <.05) were included in the respective regressions (Table 10).  
Covariates, identified through preliminary correlations, were entered on the first step of 
each regression, when appropriate.  Separate regression analyses were conducted for each 
neuropsychological domain with the exception of the Memory/Attention domain, as the 
disease Severity Summary 2 score (r = .51, p = .046) was the only variable examined that 
was significantly correlated with it.  Results from the regression analyses for each domain 
are displayed in Table 11. 
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The first regression examined the association of baseline psychosocial and 
disease-related variables with present IQ.  Preliminary analyses indicated that child’s 
hand preference was significantly associated with IQ; this variable was entered on step 1.   
Correlation analyses indicated that baseline maternal income/education (r = .60, p = 
.008), PIP Difficulty (r = -.47, p = .048), number of children in the home (r = -.52, p = 
.026), and number of hours spent in daycare/school (r = .49, p = .045) were significantly 
correlated with present IQ.  In this regression examining the IQ domain, maternal 
income/education (at baseline) was entered on step 2, PIP Difficulty (at baseline) was 
entered on step 3, number of children in the home (at baseline) was entered on step 4, and 
number of hours spent in daycare/school (at baseline) was entered on step 5.  The 
regression model was significant (R2 = .54, F[4,12] = 3.46, p = .042).  Only maternal 
income/education (β = .52, p = .023) significantly contributed to the model and accounted 
for 25% of the variance.   
The second regression examined the association of baseline psychosocial and 
disease-related variables with present language ability.  Preliminary analyses indicated 
that the child’s hand preference was correlated with present language performance and 
therefore this variable was entered on step 1 in the regression.  Correlation analyses 
indicated that baseline maternal income/education (r = .61, p = .016), PIP Difficulty (r = -
.53, p = .040), and number of hours spent in daycare/school (r = .60, p = .024) were 
significantly associated with the present Language domain.  Therefore, maternal 
income/education (at baseline) was entered on step 2, the PIP Difficulty summary score 
(at baseline) was entered on step 3, and number of hours spent in daycare/school (at 
baseline) was entered on step 4.  The regression model was significant (R2 = .50, F[4,10] = 
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4.52, p = .024) and only maternal income/education was a significant predictor (β = .50, p 
= .033), accounting for 24% of the variance.   
The next regression examined the association of baseline psychosocial and 
disease-related variables with present motor skill.  Preliminary analyses indicated that no 
sample characteristics were significantly associated with the Motor domain.  However, 
baseline maternal income/education (r = .54, p = .021) and number of children in the 
home (r = -.49, p = .038) were significantly associated with the present Motor domain.  
In this regression, maternal income/education (at baseline) was entered on step 1, and 
number of children in the home (at baseline) was entered on step 2.  The regression 
model was significant (R2 = .43, F[2,15] = 5.6, p = .016).  Only maternal income/education 
(β = 54, p = .021) contributed significantly to the model, accounting for 29% of the 
variance.     
The fourth regression examined the association of baseline psychosocial and 
disease-related variables with present visuospatial skill.   Preliminary analyses indicated 
that the quality of the testing environment (observed in the present assessment) was 
correlated with visuospatial performance and was therefore entered as step 1 in the 
regression.  The number of children in the home (r = -.62, p = .008) and number of hours 
spent in school/daycare (r = .57, p = .022) at baseline were associated with the present 
Visuospatial domain.  Number of children in the home (at baseline) was entered on step 2 
and number of hours spent in daycare/school (at baseline) was entered on step 3.  For the 
Visuospatial domain, the regression model was not significant; no predictors accounted 
for a significant portion of the variance in the model. 
77 
The final regression examined the association of baseline psychosocial and 
disease-related variables with present reasoning ability.  Preliminary analyses indicated 
that the child’s hand preference (r = -.57, p = .014) was correlated with the present 
Reasoning domain and therefore was entered on step 1 in the regression.  Baseline 
maternal income/education (r = .60, p = .009), PIP Difficulty(r = -.51, p = .029), number 
of children in the home (r = -.51, p = .032), and number of hours spent in daycare/school 
(r = .55, p = .021) were also significantly associated with the present Reasoning domain.  
Maternal income/education (at baseline) was entered on step 2, the PIP Difficulty 
summary score (at baseline) was entered on step 3, number of children in the home (at 
baseline) was entered on step 4, and number of hours spent in daycare/school (at 
baseline) was entered on step 5.  The regression model was significant (R2 = .69 F[5,11] = 
4.95, p = .013).  Only maternal income/education (β= .50, p = .017) contributed 
significantly to the model, accounting for 23% of the variance. 
 
Follow-up Analyses 
Further Comparison of Baseline and Present Neuropsychological Performance 
 In order to further compare baseline and present neuropsychological performance, 
standard score performance on individual subtests (Table 12) was compared by paired-
samples t-tests.  When standard score performance was examined by subtests, significant 
improvement in performance on the NEPSY Visuomotor Precision subtest was found 
(Mbaseline = 84.4, SD = 13.1; Mtime 2 = 93.8, SD = 15.2; t[17] = 2.57, p = .020).  
Nonsignificant declines were observed on the WPPSI-III: Matrix Reasoning (Mbaseline = 
93.2, SD = 10.1; Mtime 2 = 92.3, SD = 6.8), NEPSY: Design Copy (Mbaseline = 91.7, SD = 
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12.1; Mtime 2 = 91.5, SD = 16.2) and Visual Attention (Mbaseline = 104.6, SD = 11.2; Mtime 2 
= 96.8, SD = 14.5) subtests, and when using both hands on the Purdue Pegboard Test 
(Mbaseline = 90.3, SD = 13.8; Mtime 2 = 89.0, SD = 11.2). 
Further Examination of the Association of Neuropsychological Performance and 
Psychosocial and Disease-related Variables  
 
To further examine the association of neuropsychological performance and 
psychosocial and disease-related variables, difference scores (standard score at baseline 
subtracted from the standard score at present) for each individual on each measured 
domain were calculated.  These difference scores were then correlated with psychosocial 
and disease-related variables.  Therefore, this procedure further examined the association 
of disease-related variables with change in performance on neuropsychological 
functioning.  Only the Disease Severity Summary 2 score was significantly associated 
with the Language domain (r = -.95, p = .001), all other correlations were non-significant.      
Further Examination of Disease-related Variables 
 In order to further explore the association of individual disease-related variables 
(at baseline and present) with present neuropsychological functioning, genotype, 
hemoglobin levels, number of pain episodes, and number hospitalizations in the past year 
were independently correlated with neuropsychological domains; no significant 
associations were found.  
 The impact of hemoglobin level on neuropsychological performance was further 
examined through an independent samples t-test, as hemoglobin is clearly an objective 
measure/indicator of disease severity.  Children with an average of the last three 
hemoglobin levels in the upper quartile of the sample (at or above 11.2 g/dL, n = 4) were 
compared to those in the lower quartile of the sample (at or below 8.1 g/dL, n = 4).  
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Results showed that children in the lower quartile (M = 78.8, SD = 8.3) performed 
significantly worse on the Reasoning domain (t[6] = 3.13, p = .020) than children in the 
upper quartile(M = 93.8, SD = 4.8).    
Further Examination of Environmental and Treatment-related Variables 
 To further explore the impact of daycare and school placement on 
neuropsychological functioning and to potentially inform recommended services, 
children who were not enrolled in daycare or school and those who attended daycare only 
(n = 5) were compared to children who were enrolled in school or both school and 
daycare programs (n = 13).  Results of an independent samples t-test showed that 
children who were enrolled in school (M = 94.0, SD = 9.8) performed significantly better 
on the Reasoning domain (t[16] = -2.76, p = .014) than those who were either not 
enrolled in school/daycare and those who were enrolled in daycare alone (M = 81.5 SD = 
3.4).  Although no other significant differences were found, in general, children in the 
school subgroup performed better across domains than those not enrolled in school or 
daycare and those enrolled in daycare alone. 
 To further explore the impact of receiving independent therapy on 
neuropsychological performance, and again, to potentially inform recommended services, 
children who received independent therapies (n = 4) were compared to children who did 
not receive such therapies (n = 14).  Results of an independent samples t-test showed no 
significant differences between groups on any measured domain. 
Examination of the BRIEF-P 
 Only 66% (n = 12) of the children in the present sample were within the 
standardized age range for the BRIEF-P, therefore, it was dropped from core analyses.  
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Results from that sub-sample are reported in Table 13 and indicated that participants did 
not perform in the clinically significant range (T >60) on any subscale or index score 
measured; however, the most elevated score was reported on the Working Memory 
subscale (MT score = 56.9, SD = 12.0, range = 40 – 73).  Results of a one-sample t-test 
using 50 as the test value indicated that parent ratings for our sample were not 
significantly different from the normative sample.  Follow-up Pearson and Spearman 
correlations revealed that the Plan/Organize subscale of the BRIEF-P was significantly 
correlated with Full Scale IQ (r = -.64, p = .037), Language (r = -.61, p = .035), and 
Reasoning (r = -.68, p = .014) domains.  Furthermore, the Emergent Metacognition Index 
(EMI), consisting of the Working Memory and Plan/Organize subscales was significantly 
correlated with the Language (r = -.59, p = .046) domain.  Inverse correlations were 
expected as higher scores on the BRIEF-P indicate poorer functioning. 
 Parents of children who were older than published norms for the BRIEF-P (older 
than 5 years, 11 months) also completed the measure; scores were derived for these 
children based on the highest published age group (4 years - 5 years, 11 months), 
although a non-standardized procedure (see Table 13).  When children who were too old 
for the measure were compared to children who were within standardized age limits for 
the measure, the older children scored higher on every subscale/index.  Results of an 
independent samples t-test indicated that the older children scored statistically higher 
(poorer functioning) on the Emotional Control subscale (t[16] = -2.6, p = .018) and the 
Flexibility Index (Shift + Emotional Control subscales) (t[16] = -2.3, p = .009).   
 All children in the present study were combine into one group (n = 18, including 
both children within and outside age limits of the normative sample) to compare parent 
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ratings of behavior to the normative sample.  Results of a one-sample t-test indicated that 
children in the present sample performed significantly worse than the normative sample 
on the Working Memory subscale (t[17] = 2.3, p = .033) and the Emergent Metacognition 
Index (Working Memory + Plan/Organize subscales; t[17] = 2.2, p = .046). 
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V.  DISCUSSION 
Overview of Findings 
 The overall purpose of this study was to examine the development of 
neurocognitive skills in preschool-age children with SCD. The goal was to provide 
information that may be useful in identifying specific skills that could serve as early 
markers of future academic performance and developmental delay in children with SCD; 
specifically identifying very young children with SCD who may benefit most from early 
intervention or Head Start programs.  The results of this study indicated that although 
overall, children with SCD were performing within the broad range of average on all 
neuropsychological domains measured; over time, they were not progressing as quickly 
as expected based on normative samples.  When the neuropsychological performance of 
children with SCD in this sample was examined prospectively, their performance 
generally fell in the Low Average range of functioning and performance on domains was 
consistent and relatively flat.  Furthermore, results showed that maternal characteristics 
(at baseline) were stronger predictors of present neuropsychological performance than 
disease-related or home environment variables.  Specific results and implications are 
further discussed in the sections below. 
 
Examination of Hypotheses 
Neuropsychological Performance of Present Sample 
The first hypothesis in the present study examined the performance of preschool-
age children with SCD on various domains of neuropsychological functioning.  Children 
who participated in the present study were included if they had not experienced overt 
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stroke as documented in their medical file.  Therefore, the goal of this hypothesis was to 
add to the literature examining early cognitive development of young children with SCD 
without evidence of overt stroke.  It was hypothesized that these children would perform 
significantly below the normative mean on all domains examined (IQ, Language, Motor 
Skill, Memory/Attention, Visuospatial Skill, and Reasoning).  Results indicated that 
children performed below the normative mean of 100 on all measures examined, 
however, only performance on IQ, Language, Visuospatial, and Reasoning domains fell 
significantly below the mean.  Furthermore, there were no significant differences in 
performance on any domains measured.  Therefore, hypothesis I was partially supported.   
 More attention has been paid to neuropsychological functioning of children with 
SCD in recent years; the literature on neuropsychological functioning of children with 
SCD primarily focuses on intelligence (IQ), memory, attention, executive functioning 
and motor skills, as well as academic achievement.  Many studies have found varying 
results when the intellectual, academic, and neuropsychological functioning of children 
with SCD is compared to a normative sample, or sibling or peer controls (Schatz, Brown, 
Pascual, Hsu, & DeBaun, 2002).  For instance, in an early study, Chodorkoff and Whitten 
(1963) concluded that SCD does not affect intellectual or psychological functioning.  
However, as there were significant flaws identified in their research design (different 
measures of functioning used in comparisons), their findings were later questioned.   
More recent research has attempted to correct the methodological flaws of early 
studies examining children with SCD by using identical measures between groups and 
using representative samples, when possible.  For instance, when performance on 
neuropsychological measures of children with SCD without overt stroke is examined, 
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these children typically perform more poorly than controls (either aged-matched or 
sibling; Goonan et al., 1994; Sano et al., 1996; Swift et al., 1989; Wasserman et al., 
1991); however, no clear pattern of deficits has been identified for those with SCD 
without evidence of overt stroke.  The findings from Hypothesis I of the present study are 
consistent with this literature.   
When children with SCD with history of overt stroke are compared to children 
with SCD without overt stroke, a more clear pattern is identified with deficits noted in 
frontal lobe functioning.  Specifically, the literature suggests that those with SCD and 
documented overt or silent stroke have significantly poorer skills associated with frontal 
lobe functions, such as more limited attention, working memory, and executive 
functioning or problem solving skills than various control groups (Armstrong, Thompson 
et al., 1996; Bernaudin, Verlhac et al., 2000; Brown et al., 2000; DeBaun, Schatz et al., 
1998; Filley et al., 1999; Schatz, Craft et al., 1999; Watkins, Hewes et al., 1998).  It is 
hypothesized that these deficits are due to deficits in frontal lobe development as the 
frontal lobes are the most common area in which stroke occurs in children with SCD 
(Stuss, 1992).  Preliminary results from the BRIEF-P in the present study are consistent 
with this literature highlighting that parents report areas of working memory and 
planning/organization as areas that their children have the most significant problems 
with; however, results of this study cannot identify the structural abnormalities that are 
associated with such problems.  
Schatz and colleagues (2002) conducted a meta-analytic review of 18 studies 
reporting on SCD and neuropsychological functioning.  Studies included differed in 
measures of cognitive functioning, comparison grouping, and inclusion of individuals 
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with silent infarct and overt stroke.  Mean ages of participants for included studies ranged 
from 9.3 to 18 years, with the mean age overall of 11.9 years.  It was found that on 
average, children and adolescents with SCD had IQ scores (M = 85.7, SD = 14.0) 
significantly lower (4.3 points, d = -0.313, t (1075) = -5.02, p <.01) (small effect size, r = 
.15) than sibling or matched-control groups.  Furthermore, it was concluded that 
measures of specific cognitive abilities appeared to be more sensitive to 
neuropsychological deficits than IQ measures, as it was estimated that the probable effect 
size of specific cognitive deficits was medium.   
The Full Scale IQ of the children assessed in the present study (M = 89.8, SD = 
9.5) was higher than that reported in the meta-analysis conducted by Schatz and 
colleagues in 2002 who found among school-age children with SCD a mean IQ of 85.7 
(SD = 14.0).  It should be noted that although the children in the present sample, as well 
as those in the samples discussed above, performed below the normative mean on 
measures of intelligence, all scores fell in the broad range of average.  It can not be 
assumed that these children are not at-risk for future academic and developmental 
difficulties; however, as age effects are noted in children with SCD.  The majority of the 
literature states that as children grow older, the impact of SCD and factors associated 
with the disease accumulate and cause the child’s performance in academics and on 
neuropsychological measures to decline (Brown, Armstrong, & Eckman, 1993; Fowler, 
Whitt et al., 1988).  Therefore, it would be expected that preschool-age children with 
SCD in the present sample would perform better (have higher scores) than a sample of 
children with SCD age 9 – 18 years, as in the Schatz and colleagues (2002) meta-
analysis.  In addition to age effects, emerging research suggests this sample of young 
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children with SCD may still be at-risk for delays that cross-sectional examination of their 
neuropsychological performance may not make apparent at such an early age.   
A recent study conducted by Grueneich and colleagues (2004) examined 
neuropsychological performance and disease severity (measured through chart review of 
pain and neuroimaging) of 31 children with SCD.   Results showed that abnormality on 
neuroimaging studies was correlated with disease severity, but not with domains of 
neuropsychological performance.  However, neuroimaging abnormality was associated 
with increased variability in neuropsychological performance.  It was concluded that 
although no clear pattern of deficits in neuropsychological functioning has been 
identified in children with SCD without evidence of overt stroke, an increase in 
variability in neuropsychological performance, associated with disease severity, may be 
evident.  Grueneich et al. (2004) contended that although children with SCD without 
evidence of overt stroke, as a group, may experience neuropsychological deficits, a 
pattern may be difficult to establish, as intra-individual variability seems to increase with 
disease severity.  They suggested that as some skills decline, others improve to 
compensate for weaknesses, therefore increasing variability in performance on specific 
measures while preserving the overall level of functioning on omnibus measures 
(Grueneich et al., 2004).  It was also hypothesized that this intra-individual variability 
could be due to deficits in frontal-lobe mediated executive functioning, which is thought 
to serve to organize and influence planning and execution of most neurocognitive skills 
(Brown et al., 2001).  
 Findings from the baseline study (Tarazi 2004) were consistent with conclusions 
from Grueneich and colleagues (2004), such that at baseline, the sample performed below 
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the normative mean on all domains examined, however, no domain was significantly 
more impaired than the others.  Therefore a relatively flat performance was noted, which 
was consistent with Grueneich and colleagues (2004) hypothesis that intra-individual 
variability in performance within domains may be evident in children with SCD rather 
than a specific pattern of strengths and weaknesses.   
When the baseline sample was again examined prospectively in the present study, 
results consistent with that of Grueneich and colleagues (2004) and those for the baseline 
study (Tarazi 2004) were noted.  At present, although children performed below the mean 
on most domains examined, there were no significant differences noted between 
domains.  Therefore, looking only at their performance at present, a relatively flat 
performance was also noted.  However, additional examination of results must be 
considered to determine whether intra-individual variability explains the flat performance 
of this preschool sample.  
Further preliminary exploration of the data from the present study is consistent 
with the hypothesis that intra-individual variability is evident in children with SCD.  For 
instance, 6 (33%) children in the present study achieved a significant discrepancy 
between their Performance IQ and Verbal IQ scores on the WPPSI-III.  Grueneich and 
colleagues (2004) also found that intra-individual variability in the memory/attention 
domain and Full Scale IQ was highly related with imaging abnormalities, indicating a 
unique and important role of memory and attention in children with SCD.  Qualitative 
examination of the performance of our sample (and further statistical results discussed 
later) supports this idea.  Specifically, the Auditory Attention subtest of the NEPSY, 
proposed to be included in the Memory/Attention domain, was removed from analyses as 
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many children were unable to follow task demands.  Without the inclusion of that subtest, 
children in the present sample performed better (non-significantly) on the 
Memory/Attention domain than on any other domain measured (including FSIQ).  These 
qualitative results suggest variability between complex visual and verbal attention skills 
in this young sample, and add support for variability in performance in memory and 
attention in children with SCD.    
It should be noted that there may be other explanations for the present sample’s 
relatively flat performance on domains measured.  For instance, children in the present 
sample may be consistently performing in the low average to average ranges in all areas 
measured, without showing variability in performance.  However, as stated above, there 
are examples in the sample where individual’s performance was variable (i.e., VIQ-PIQ 
split, memory/attention visual versus verbal abilities), providing some evidence against 
this hypothesis.  Furthermore, inter-individual variability in participants performance 
may be responsible for the overall flat performance observed in the sample (i.e., some 
children may have been consistently performing better across measures while other 
children were consistently performing poorer across measures, when averaged, the 
overall sample performance appeared average/low average).  However, this is most likely 
not the case as the quartile scores for domains in the present study show variability (e.g., 
for the IQ domain the 25th percentile = 79.6 and the 75th percentile = 100.2, whereas for 
the Memory/Attention domain the 25th percentile = 89.1 and the 75th percentile = 106.7).  
If some children were consistently performing above average and some consistently 
performing below average, it would be expected that the range and quartile scores for 
different domains in the present study would be similar, but this is not the case.  
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Therefore, further exploration of intra-individual variability in neuropsychological 
performance in young children with SCD is warranted, but is outside the scope of this 
project. 
Overall, findings from the first hypothesis are consistent with that from the 
baseline study, suggesting that although children with SCD have skills below the 
normative mean, no pattern of deficits was identified through a cross-sectional 
assessment.  Although variability in performance on measures within domains was not 
formally examined in the present study, when mean scores for domains at present were 
compared, no significant differences in performance was noted.  These findings are 
clinically relevant as overall, children with SCD are performing below the normative 
mean.  As some children did better than others on neuropsychological measures, it does 
not seem that all children with SCD are at risk, however, there is a sub-sample of children 
who would likely benefit from early intervention services.    
One of the goals of the present study was to attempt to tease apart the contribution 
of disease-related and maternal/environmental characteristics that put young children 
with SCD at risk for academic decline.  The results of the first hypothesis suggested that 
the children in our sample performed below the normative mean, but not as poorly as 
older children with SCD from other samples; however, as the children in the present 
sample are young, they may still be at-risk for future delays.  The second and third 
hypotheses examined age-effects, disease-related factors, and maternal and 
environmental characteristics that may impact the cognitive development of children with 
SCD and attempted to identify which factors may be most influential in predicting 
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children who are at greatest risk, which further would allow identification of those who 
may benefit most from early intervention services. 
Comparison of Neuropsychological Functioning at Present to Baseline 
The second hypothesis in the present study examined the performance of 
preschool-age children with SCD over a one year time period, comparing their 
performance on neuropsychological measures at baseline to present functioning.  
Findings indicated that when standard scores were compared, no significant changes in 
performance were noted on any domains.  Non-significant changes in performance, 
measured by standard scores, were noted on the Memory/Attention, Visuospatial, and 
Reasoning domains. 
The majority of the literature suggests that as children with SCD age, their 
performance (both on neuropsychological and academic measures) declines.  
Furthermore, it should be noted that children with SCD are at risk for continued 
neurological insults and subtle changes throughout development and into adulthood; 
therefore, it was hypothesized that the children in our sample would evidence small 
declines in functioning over the course of a year. However, there are several reasons, 
discussed below, that confirm the null findings of hypothesis II.   
Some studies examining age effects in SCD find no difference between the skills 
of older children when compared to younger children.  Others report that younger 
children with SCD perform better than older children with SCD, when compared to 
normative samples on measures of intelligence and academic achievement.  The latter 
view is supported by arguments recognizing SCD as a life-long condition with 
compounding age effects, such as structural damage and school absenteeism, which cause 
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those with SCD to continue to fall behind their peers.  Although there is more support in 
the literature suggesting that risk factors associated with SCD build over time, with older 
children exhibiting greater deficits than younger children (Brown, Armstrong, & 
Eckman, 1993; Fowler, Whitt et al., 1988), one study hypothesized that in SCD, damage 
occurs early enough developmentally that children may learn to compensate for their 
weaknesses and improve over time (Wasserman et al., 1991).   
The literature examining functioning in very young children with SCD shows an 
emerging understanding regarding the time when deficits may develop in children with 
SCD, identifying that developmental/cognitive deficits may be present in very young 
children (Chua-Lim et al., 1993).  Furthermore, declines have been shown to occur early, 
with children performing better at a very early age compared to later in childhood 
(Thompson et al., 2002).  Nevertheless, findings are still preliminary, as no published 
studies have prospectively examined the performance of preschool-age children with 
SCD on neuropsychological measures.   
Significant changes in neuropsychological performance, over time, in a healthy 
sample would not be expected when standard scores are examined, even when healthy 
children are of higher or lower cognitive ability than published normative samples 
(Schneider & Stefanek 2004).  Given that raw score performance in the present sample 
on measures at baseline and present were transformed to standard scores by a comparison 
of individual performance to the normative sample at the same age, significant changes in 
performance would not be expected.  The relatively stable performance of the children in 
the sample observed in Hypothesis II would be expected under the assumption that 
disease-related events would not be significant over the course of the year between the 
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baseline and present assessment.  The stability in performance noted in this sample may 
be due to the fact that these young children have not experienced significant disease-
related events (i.e., overt/silent stroke).   
In healthy samples, stability in performance as measured by standard scores is 
expected, however, when raw scores are examined, significant improvement is expected, 
as over the course of the year, preschool-age children should be making significant gains 
in each domain measured in the present study.  The expectation for raw score 
improvement in healthy samples is evident in the amount of raw score points needed to 
achieve the same standard score at 4 years compared to 5 years on various standardized 
measures (e.g., at age 4 a child needs 13-14 raw points on the Vocabulary subtest of the 
WPPSI-III to achieve a standard score of 100, whereas a 5 year-old child needs 18-19 
raw points to achieve the same standard score; at age 4 a child needs 8 raw points on the 
Matrix Reasoning subtest of the WPPSI-III to achieve a standard score of 100, whereas a 
5 year-old child needs 12-13 raw points to achieve the same standard score). As 
children’s performance on neuropsychological measures in the present study remained 
constant over the course of a year, it seems they are gaining skills at an appropriate pace 
to continue to achieve scores on neuropsychological measures in the Average to Low 
Average range.  Therefore, the children in our sample (who have not experienced overt 
stroke) are gaining skills in areas measured, and are not currently at-risk for losing skill.     
The absence of support for hypothesis II indicates that the children in the present 
study are making gains over the course of the year and exhibit a relatively stable 
neurocognitive profile; however, as nonsignificant declines in standard scores were noted 
in the Memory/Attention, Visuospatial, and Reasoning domains, these children may not 
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be making gains as quickly in these areas as the normative sample.  Furthermore, as the 
standard scores for this sample of children at baseline were already below the normative 
sample, it may be hypothesized that subtle declines in their performance over time may 
lead to significant difficulties as these children grow older.  It should be noted that it is 
unclear whether the subtle declines noted in Hypothesis II, that may continue to build as 
these children grow older, are associated with disease-related factors, environmental 
variables, or maternal characteristics.  The association of these factors and children’s 
performance on neuropsychological measures will be further examined and discussed in 
the third hypothesis. 
As previously stated, the Memory/Attention domain is the only domain where a 
subtest had to be dropped at present and baseline, as the majority of children in the 
sample were unable to complete the measure.  Therefore, it is possible that this area may 
be at increased developmental risk or may serve as an area that could identify those 
children at greatest overall academic risk.  The literature examining children with SCD 
without overt stroke has attempted to identify a pattern of deficits that could serve as a 
marker to identify those children with SCD who are at greatest risk, but previously has 
not been consistently successful when examining children at one time point (Goonan et 
al., 1994; Sano et al., 1996; Swift et al., 1989; Wasserman et al., 1991). Furthermore, at 
baseline, it was hypothesized that the Memory/Attention domain score would be 
significantly below all other domains measured, although that hypothesis was not 
supported (Tarazi, 2004).  The unique nature of this prospective study may have provided 
the information necessary to identify the Memory/Attention domain as an area at 
developmental risk.  When examined at one time point (in early preschool), the 
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Memory/Attention domain did not present as an area to identify those at risk.  However, 
when the development of these skills was examined over time, it seemed to be an area of 
concern, in that it was not developing as quickly as other domains examined.  It may 
eventually stand out in young school-age children as an area of relative weakness.  It 
should be noted that these hypotheses are purely speculative at this point and warrant 
further exploration with larger samples.   
Furthermore, preliminary results from the BRIEF-P showed that all children in 
our sample were reported to have a relative weakness in working memory and their 
ability to plan and organize themselves.  Also, in the present sample, when older children 
were compared to younger children, parent report indicated that the older children had 
significantly poorer working memory skills than the younger children.  Taken together, 
both the neuropsychological and parent-report data suggested that the development of 
memory and attention skills may represent a weakness in young children with SCD, 
possibly serving as a marker for those who are at greatest developmental and academic 
risk. 
As the memory tasks involved in the present study require immediate and 
“working memory” instead of long-term memory and retrieval, focused attention to the 
stimulus is required, and therefore memory and attention seem to be equally important for 
success on the tasks included in the Memory/Attention domain.  These skills are also 
included under the umbrella of “executive functioning”, which, as previously stated, is 
thought to be mediated by the frontal lobes (Armstrong, Thompson et al., 1996; 
Bernaudin, Verlhac et al., 2000; Brown et al., 2000; DeBaun, Schatz et al., 1998; Filley et 
al., 1999; Schatz, Craft et al., 1999; Watkins, Hewes et al., 1998).  As the frontal lobes 
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are the most common area affected by stroke (Stuss, 1992) and abnormalities in imaging 
have been linked to variability in performance on immediate recall memory tasks 
(Grueneich et al., 2004), the executive and attentional component of these immediate 
recall memory tasks may be particularly susceptible to subtle brain inefficiencies, 
potentially linked to minor structural changes/damage possibly accumulating over time.  
However, environmental factors associated with being of low SES (e.g., poor nutrition, 
limited access to healthcare, limited educationally-stimulating activities provided in the 
home) may also negatively impact the development of memory and attention skills and 
will too be further examined and discussed in the third hypothesis.    
When children who have experienced documented overt or silent stroke are 
examined, as previously noted, areas of weakness associated with “frontal lobe 
syndrome” have been identified, specifically in regard to working memory and executive 
skills (Armstrong, Thompson et al., 1996; Bernaudin, Verlhac et al., 2000; Brown et al., 
2000; DeBaun, Schatz et al., 1998; Filley et al., 1999; Schatz, Craft et al., 1999; Watkins, 
Hewes et al., 1998).  With the findings from the second hypothesis of the present study, 
indicating that the Memory/Attention domain may be an area of developmental concern 
in children with SCD without overt stroke, deficits in frontal lobe skills may not be 
limited to those with documented overt stroke, and subtle deficits may be found in some 
children with SCD, only identified through a prospective examination.  Results are purely 
speculative at this point and require further examination. Furthermore, as five other 
domains of functioning were examined in the present study besides the 
Memory/Attention domain and showed a relatively stable profile from baseline to 
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present, the children in our sample are making gains, cognitively, and are consistently 
performing in the average/low average range of functioning.  
There are several other possible factors that can impact the performance of 
memory and attention skills in young children that could account for possible 
discrepancies in performance over the “frontal lobe hypothesis.”  First, sleep problems 
are common in children with SCD and fatigue and arousal are highly influential in one’s 
ability to focus attention adequately.  Therefore, fatigue/sleep problems may be 
responsible for variable attention noted it our sample.  Furthermore, as the majority of 
assessments took place in the child’s home, the testing environment may have negatively 
impacted the children’s performance on memory and attention tasks, as this environment 
may be more distracting than a psychological office (e.g., children/parents 
entering/leaving the room, television on in the next room).  Results from the present 
study are unable to reliably implicate one hypothesis over another to explain the variable 
performance noted in the Memory/Attention domain, however, future research including 
neuroimaging, questions specific to sleep patterns, and assessments solely conducted in 
an office dedicated for such practice, could help delineate the impact of such factors on 
memory and attention in children with SCD. 
Factors aside from disease-related features may influence the development of all 
skills examined in the present study.  Therefore, the association and developmental 
influence of disease-related as well as maternal and environmental characteristics with 
neuropsychological performance was examined in the third hypothesis to attempt to 
identify which characteristics are most influential over time. 
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Association of Maternal, Environmental, and Disease-Related Characteristics and 
Neuropsychological Performance 
 
The purpose of Hypothesis III was to examine the impact of disease-related and 
psychosocial (maternal and home environment characteristics) variables as measured at 
baseline on present neuropsychological functioning.  Results indicated that maternal 
education and income at baseline were most predictive of performance on 
neuropsychological measures in the present study, as they accounted for a significant 
portion of the variance in the sample’s present performance in most domains of 
functioning.  Characteristics associated with maternal income and education were most 
predictive of cognitive functioning in young children with SCD in this sample; therefore, 
the general cognitive functioning of young children with SCD may be most associated 
with factors that are common to children of low SES and ethnic minority status.   
The literature notes that mothers with lower levels of education provide a less 
enriching environment for their children, leading to lower academic achievement 
(Plomin, 1990).  Furthermore, children of families of low SES examined in another 
sample (Luster & McAdoo, 1994), who were identified as having more protective factors 
(e.g., maternal intelligence above normative mean, at least high school maternal 
education, 2 or fewer children in home, high maternal self-esteem, mother having spouse 
or partner, child born after mother was 18 years), were found to have higher cognitive 
functioning.  In the present study, it may be that factors associated with low SES, such as 
limited access to resources and increased family stress, hinder children’s academic and 
cognitive development and provide a partial explanation for findings in Hypothesis III; 
however, this was not directly measured in the present study and is offered as a 
speculative explanation for findings.  In our sample, maternal income/education 
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accounted for between 22 and 29% of the variance in neuropsychological performance 
which is somewhat smaller than reported in the baseline study (34 – 44%) (Tarazi, 2004), 
but is still significant and meaningful. 
Those with SCD are not only frequently faced with the difficulties of disease 
management, but also those associated with being of ethnic minority status and of lower 
SES (e.g., poor living conditions and nutrition, limited access to healthcare) (Barakat et 
al., 2004; Brooks-Gunn et al., 1996).  Poverty and being of ethnic minority status have 
been identified as risk factors for poorer intellectual development in healthy children 
(Brooks-Gunn et al., 1996).  Therefore, findings of Hypothesis III support the literature, 
indicating that environmental factors associated with SCD, such as poverty and low SES, 
may be partially responsible for neurocognitive impairment in children with SCD.  
However, it is difficult to tease apart the environmental factors (i.e. poor living conditions 
and nutrition, limited access to healthcare) from biological factors associated with 
neuropsychological impairment seen in children with SCD.  The inclusion of disease-
related and home environment variables, as well as maternal characteristics in Hypothesis 
III of the present study attempts to add to the understanding of the influence of these 
variables on cognitive development in young children with SCD. 
Luster and McAdoo (1994) found that children who had low scores on measures 
of cognitive competence tended to have mothers who had lower levels of intelligence and 
fewer years of education.  Furthermore, these children with low scores on cognitive 
measures were more likely to live in poverty, come from large families, and experience 
less supportive home environments.  Therefore, being of ethnic minority status alone did 
not put an individual at risk for poor outcome, but those with compounded risk factors 
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may be at increased risk.  Research on diverse samples of children who are exposed to 
several risk factors simultaneously also show that those who are exposed to multiple risk 
factors tend to experience learning or behavioral problems more frequently than those 
who are not exposed to multiple risk factors (Evans, 2004).  Children with SCD are at 
risk to experience multiple disadvantage factors (such as ethnic minority status, low SES, 
urban dwelling), which are also compounded by the burden of stress associated with 
SCD.   
In the present sample, the disadvantages associated with being of low SES and 
ethnic minority status are evident by the low number of children who received services 
after being identified as at-risk in the baseline evaluation.  It may be that parents do not 
have the resources to seek out such services, or think that they do not have the means to 
take the child to Head Start or early intervention programs if they were able to 
successfully enroll children in such programs (although transportation is frequently 
provided). Furthermore, it may also be that parents of low SES and ethnic minority status 
do not trust the medical system (Lohr, Dougherty, & Simpson, 2001) and do not feel that 
the baseline evaluation provided was an accurate portrayal of their child’s abilities, and 
therefore did not see the need for early intervention services (which is partially reflected 
in the 3 families that declined participation in the present study, giving reason that they 
did not find the baseline evaluation helpful).  Regardless of the mechanism, although 
independent therapies and outside services were recommended for many children 
evaluated in the baseline study, few children received such services (although contact 
phone numbers were provided in the written report given to families) indicating that 
unless support is provided, families will likely be unable to independently get the services 
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needed/recommended for their at-risk children.  Therefore, follow-up phone calls and 
check-ins at regularly scheduled clinic visits should be completed to help these families 
navigate the systems they need to get their child appropriate services.  Such follow-up 
would not be required for every child, only those that were identified as at-risk through 
assessment.  Later in the discussion, two case examples are provided of children who 
would and would not need to be followed for services. 
The results of Hypothesis III also identified that disease severity, as measured at 
baseline, was associated only with the Memory/Attention domain.  This indicates 
something unique about the Memory/Attention domain that separates its developmental 
course from the other domains of functioning.  Specifically, as many children had 
difficulty with one measure in this domain, and this was the only domain associated with 
disease severity, increased disease severity may significantly effect the development of 
memory and attention in children with SCD over time.  It may be that those children with 
increased disease severity without overt stroke develop memory and attention skills at a 
slower pace than the normative sample, as other disease-related factors associated with 
SCD (e.g., chronic anemia, ischemia) may be impacting the development of underlying 
brain systems that mediate these skills in children without evidence of overt stroke.  It 
should be noted that an inverse relationship may also be possible as well, as results are 
correlational in nature, or a third variable may offer a better explanation (e.g., fatigue, 
artifacts of the testing environment).  However, results from the present study suggest 
that this area of functioning (memory and attention) may serve as an early marker for 
young children who are at risk for increased disease-related complications and academic 
and developmental delay. 
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Results from the third hypothesis also suggest that factors associated with the 
home environment (i.e., HEQ summary scores, number of children in the home), as well 
as school/daycare placement, parent-rated disease stress, and child’s disease severity are 
not significantly associated with children’s cognitive functioning.  Although number of 
children in the home and number of hours spent in daycare/school were the only variables 
significantly correlated with the Visuospatial domain, they did not account for a 
significant portion of the variance in the regression model including these variables, as 
well as the quality of the testing environment.   
Overall, these findings are consistent with that found through regression analyses 
completed in the baseline study (Tarazi, 2004), suggesting that maternal income and 
education are the most salient factors associated with neuropsychological outcome in 
young children with SCD; however, at present, maternal income and education accounted 
for less of the variance in analyses than at baseline.  It may be that as children grow older, 
peer interaction or factors associated with the quality of school instruction may be more 
predictive than home environment or parent-reported stress variables.  As these children 
are followed into school years, peer-related variables and specific information regarding 
the quality of the school environment should be collected (in addition to disease-related, 
home environment and maternal characteristics) to attempt to understand the impact of 
different environmental factors on cognitive development in early to mid-childhood.  
Furthermore, the association of disease severity and the Memory/Attention domain is 
unique to the present, prospective study, and may provide additional information 
regarding the development of specific neurocognitive skills in children with SCD, 
uncovering a potential role of disease severity (in the absence of overt stroke) in 
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development and future academic achievement, and should also be monitored as these 
children grow older. 
As disease severity was not significantly associated with domains measured, with 
the exception of the Memory/Attention domain, the lack of association could be related to 
the way in which disease severity was conceptualized and measured in the present study.  
Recent literature is suggesting alternative indicators of disease severity in SCD such as 
headache history (Niebanck, Ohene-Frempong, & Kwiatkowski, 2005), weight, body 
mass index (BMI), and height (Mitchell et al., 2005), as well as history of acute chest 
syndrome (Day, 2004), as these variables could serve as subtle markers of increased 
disease severity.  Furthermore, future research should more carefully document whether 
participants have a stroke history through MRI (included as part of the research protocol) 
and consider TCD, transfusion therapy, and hydroxyurea treatment status as further 
measures of disease severity.   
Finally, child’s hand preference was significantly correlated with the IQ, 
Language, and Reasoning domains, such that right-handed children performed 
significantly better on these domains than the left-handed child in our sample.  
Handedness did not account for a significant part of the variance in any regression 
computed in Hypothesis III.  As there was only one left-handed child in the present study 
(94.4% of the children were right-handed) these findings could be due to chance. As 
more children are enrolled in our sample, close attention should be paid to the association 
of handedness with neuropsychological domains, and/or the potential lateralization of 
neuropsychological profiles. 
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Limitations 
 The most significant limitation of the present study is the sample size.  As the 
inclusion (e.g., preschool-age, no evidence of overt stroke) and exclusion (e.g., other 
physical/neurological disorders present) criteria for the baseline and present study were 
strict, there was a limited number of children available for recruitment.  Of these factors, 
the limited age range for children participating in the study was the most restrictive.  
However, the age limitation of the baseline and present studies was also their strength, as 
few published studies have examined neuropsychological functioning of very young 
children with SCD and none have prospectively examined neuropsychological 
functioning in a preschool-age group.  Therefore, the benefit of the age restriction 
(providing unique results from the present and baseline study) far outweighed its 
limitations (smaller sample size). 
Attrition also decreased the size of the prospective sample.  It should be noted that 
the retention rate of the present study (81.9%) was higher than that reported in the 
literature in similar samples (Thompson et al., 2003; Warren-Findlow et al., 2003; 
Zebracki et al., 2003).  The small size of the present sample limited the statistical power 
to find differences between groups and on neuropsychological measures.  It is possible 
that using a larger sample would have resulted in significant differences between 
individuals’ performance at baseline and present, or that differences in performance 
between domains could have been noted (if they exist).  For instance, a larger sample size 
would have increased the power to find significance in the paired-samples t-tests 
examined in Hypothesis II, or would have increased power to identify additional, 
significant correlations between psychosocial, disease-related, and home environment 
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variables and neuropsychological outcome measures in Hypothesis III (if they exist).  In 
order to increase the power of this study, recruitment is continuing for new children who 
enter the clinic population and are eligible for participation, or for children who are 
currently seen at the clinic and are becoming old enough to participate in the study.  
Future research could also incorporate multiple sickle cell centers to increase sample size. 
 Another limitation of the present study is the lack of a control group for 
comparison.  As previously stated, there are mixed findings in the literature regarding 
choice of control group (matched versus sibling).  The present study attempted to 
prospectively examine neuropsychological performance in a group of young children 
with SCD over a one year period.  Although their current performance was examined, the 
main goal of this study was to examine change in performance over time and to examine 
how disease-related, maternal, and home environment characteristics impacted present 
neuropsychological functioning; therefore, a control group was not necessary to 
accomplish the main goal of this project, as individual children’s performance was 
compared over time to itself.  However, the use of a sibling control group at baseline and 
present would have allowed for comparison in the development of skills between the 
SCD and control groups, as well as added information regarding the influence of home 
environment and maternal characteristics versus disease severity in the development of 
neurocognitive skills. 
 Results are also limited in the present study by the distribution of the genotype in 
the sample.  As previously stated, the homozygous state of SCD (HbSS) is the most 
common form and is associated with increased disease severity.  While the heterozygous 
states (HbSc/βthal) may still experience severe disease sequeale, in general, they are at 
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lower risk and are less likely to experience overt or silent stroke (Charache et al., 1992).  
As our sample consisted of equal numbers of children with HbSS and HbSc/βthal, our 
results may be skewed in the positive direction.  Specifically, if more of our sample 
consisted of children with HbSS, different results for hypothesis III may have been 
found, such that more domains of functioning may have been associated with disease 
severity; or, potentially, our sample may have performed more poorly on 
neuropsychological domains in Hypothesis I.  With a more representative sample 
(including proportionally more children with HbSS than HbSc/ βthal) results would also 
be more accurately generalized to the overall population of children with SCD. 
 Furthermore, the results of this study are limited by the lack of neuroimaging 
included in the protocol.  Without neuroimaging information on every child that 
participated in the study, it is difficult (if not impossible) to confirm whether children 
have had silent stroke.  Identifying those with silent stroke versus “expected” or “mild” 
neurological abnormality associated with SCD (e.g., ischemia) could further serve as a 
marker of disease severity and may be associated with neuropsychological outcome 
measures.  However, as neuroimaging was not used as part of the present study, these 
ideas are purely speculative and warrant further exploration. 
 Finally, results of this study are limited by the measures used to estimate 
neuropsychological functioning.  Measures used to estimate neuropsychological 
functioning were carefully selected based on their widespread use with preschool-age 
children, their standardized development, and inclusion in the baseline study.  Specific 
domains were constructed based on theoretic and research-based evidence suggesting that 
these tests measure functions of the respected domains and careful examination ensured 
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that subtests within domains did not overlap.  Furthermore, reliability analyses were 
conducted to guide domain construction so that measures included within each domain 
assessed the same construct.  Nevertheless, there are several possible criticisms of the 
measures used and the manner in which domains were constructed.  First, for all 
measures selected, normative information was not available from the publisher for 
African American children.  In order to account for this issue, performance in the present 
study was compared to individual’s performance at baseline, to normative samples based 
on US Census data, and to performance reported in the literature of older children with 
SCD and of low birth weight African American preschool-age children.  Comparing the 
sample’s performance to these groups allowed for a broad description of their 
performance in comparison to other groups with which they share various characteristics.  
Second, most children were unable to complete all measures at each assessment.  This 
further decreased the sample size in the respective domains and may have caused the 
scores to be inflated, as those who may have performed poorest on the subtests were 
removed because they were unable to follow task demands.  The most frequent subtest 
that children were unable to complete was proposed as part of the Memory/Attention 
domain (NEPSY- Auditory Attention).  Healthy children in the normative sample were 
able to complete this subtest, and it would be expected that children in our sample would 
be able to follow task demands adequately to complete standardized administration of 
this subtest.  However, as this was not the case in this sample, performance on the 
Memory/Attention domain may be an overestimate.  Finally, the most powerful and 
parsimonious way of examining the data was through a paired sample t-test, which 
required that the domains be constructed identically at baseline and in the present study.  
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This limited the construction of the domains as some changes in measures were made 
from baseline to the present study.  Although this restricted how the domains could be 
constructed, this procedure allowed for the most powerful statistical procedures to be 
conducted, however, significant changes in performance from baseline to present among 
domains were not found regardless. 
 
Implications and Future Directions 
Case Examples 
 Through the qualitative examination of the following two case studies from the 
present sample (one child who performed better and one who performed poorer than 
others in the sample on neuropsychological measures), the clinical implications of 
findings may be more clearly illustrated. 
 The first case example describes a child progressing within age expectations.  
“Jamal” is an African American male, age 85 months, with HbSS genotype.  He lives 
with his mother, who is divorced, and one other child (not a sibling).  His mother’s 
education is post-college, and the total household income is between $40,000 and 
$59,999.  The average of Jamal’s last three hemoglobin levels was 9.3 g/dL, and he was 
hospitalized once in the past year and reported 3 pain episodes.  Results of MRI were not 
significant.  Jamal attends both school and daycare a total of 35 hours per week.  He 
achieved a Full Scale IQ score on the WPPSI-III of 116, with a VIQ of 112 and a PIQ of 
108.  Within the verbal and nonverbal domains, Jamal’s abilities were at or above age-
expectations.  He had no difficulties focusing his attention and seemed to understand task 
demands well.  Jamal’s fine-motor speed was variable during a pegboard task used to 
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assess his manual dexterity skills, but his performance was improved in comparison to his 
performance on the same task administered when he was younger.   Overall, his skills, in 
all areas, are progressing and there is no indication of any significant weaknesses or areas 
of concern.   
 Although medically, Jamal is at greater risk due to having homozygous genotype 
for SCD, results of MRI (nonsignificant) and neuropsychological testing indicate that he 
is progressing at or above age-expectations.  It is noteworthy in this case that Jamal has 
several protective factors in place, such as high maternal education and income, as well 
as placement in daycare and school, that may be promoting his success in the face of 
potentially more severe disease (HbSS, Hgb = 9.3).  Therefore, no additional services 
would be recommended for Jamal, outside of his school and daycare placement.     
 The second case example describes a child’s profile who is progressing slower 
than age expectations.  “Adam” is a 57 month-old African American male with HbSS 
genotype.  He lives with his mother, who is single, and one other child.  His mother is a 
high school graduate, and the total household income is less than $9,999.  The average of 
Adam’s last three hemoglobin levels was 8.1 g/dL, and Adam was hospitalized three 
times last year for infection/fever; there were no reported pain episodes within the last 
year.  Results of both MRI and TCD were not significant.  Adam attends daycare for 
about 45 hours per week.  He achieved a Full Scale IQ score on the WPPSI-III of 77, 
with a VIQ of 78 and a PIQ of 81.  Within the verbal domain, Adam’s language-based 
verbal abilities were mostly within the Low Average range; he scored best, on a task used 
to assess his “listening memory” and he evidenced a relative weakness on a task used to 
measure his general fund of learned information.  Within the nonverbal domain, Adam’s 
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skills were variable.  He performed best on tasks used to assess his nonverbal 
reasoning/problem solving skills, hands-on constructional praxis skills (e.g., building 
block patterns), visual-motor processing and response speed, and visual attention.  He 
scored well below average on a task used to assess his visual memory.   Overall, Adam 
has made mild gains in some skills since his initial assessment; however, his verbal skills 
are immature for age.  
 Similar to the first case example, Adam is at greater medical risk due to having 
the homozygous genotype for SCD, and an Hgb level of 8.1g.dL; however, results of 
MRI and TCD were not significant.  Results of neuropsychological testing indicated that 
Adam is mostly performing below age-expectations, and is not progressing as quickly as 
expected.  Furthermore, it is noteworthy in this case that Adam has few protective 
factors, with the exception of being in a daycare placement for a significant amount of 
time per day.  Specifically, Adam’s mother has only a high school education, and the 
total household income is well below the poverty level.  In this case, it would be highly 
recommended that Adam participate in an early intervention program specifically 
focusing on the development of his pre-academic skills (e.g., writing, letter recognition).  
Furthermore, if interfering behavior problems are noted, cognitive rehabilitation, or 
treatment focused on the management of such interfering behaviors would be warranted.  
In Adam’s case, telephone follow-up and check-ins a routine clinic visits would also be 
recommended as his cognitive profile and psychosocial and medical history indicate that 
it is important that he receive such services.  Adam and Jamal’s cases highlight the 
influence of a variety of factors (e.g., environmental, maternal, disease-related) on the 
cognitive development of children with SCD, with similar disease-related profiles.  
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Clinical Directions and Implications 
 The over-arching goal of this project was to prospectively examine the 
development of specific cognitive skills in preschool-age children with SCD and examine 
how disease-related, maternal, and environmental characteristics contribute to the 
development of these skills.  Furthermore, the intent of this project was to offer 
information relevant to the development of a screening questionnaire for young children 
with SCD to identify those at greatest risk for academic and cognitive decline; a 
screening instrument that could be distributed to sickle cell centers and be used as a part 
of yearly check-ups for children under age 7 years.     
The results of this project indicate that a brief assessment (completed during the 
early preschool years) targeting memory and attention skills might identify those who are 
at greater risk for academic and developmental delay, however, more research needs to 
be completed to add support for this finding.  Ideally, this screening measure would 
include neuropsychological measures the child would complete, and their performance 
would be compared to normative data.  Yet, further examination and understanding of the 
development of neurocognitive skills in young children with SCD may indicate that a 
parent or teacher rating scale may serve as a cost and time-efficient way of identifying 
those children who are at-risk and need further assessment.  For instance, Kral and Brown 
(2004) used parent report screening measures of behavior (Behavior Assessment System 
for Children [BASC]) and executive functioning (BRIEF) to identify school-age children 
with SCD who were at greater disease-risk and found that teacher report was more useful 
than parent report in identifying those with more severe readings on TCD.  Although 
TCD severity has been linked with stroke-risk, it has not been consistently associated 
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neuropsychological performance in the literature (Catania, 2001).  As such, 
parent/teacher screening may not be useful for the purpose of identifying young children 
with SCD in need of early intervention, however, results from the present study suggest 
that parent report of executive skill may serve to identify those at greatest risk, and bears 
further exploration.  Furthermore, children assessed in the Kral and Brown (2004) study 
were school-age (Mage = 10.1 years).  Following the literature surrounding age effects in 
SCD, children should be identified early as at-risk for delays, before significant declines 
begin to take effect.  Therefore, the development of a brief neuropsychological screening 
battery that could be used in Comprehensive Sickle Cell Centers across the country to 
identify young children at greatest risk for academic/developmental delays and may serve 
as a valuable preventive tool. 
 Although the results of this study provide valuable information that may be useful 
in the development of a screening instrument, findings also suggest that more support 
needs to be provided after recommendations are made in order to help families acquire 
and implement recommendations such as early intervention and Head Start.  At baseline, 
all participants received verbal feedback regarding their child’s performance as well as a 
written report summarizing the child’s performance and treatment recommendations.   In 
the present study, when parents were asked if they remembered any recommendations 
from the first assessment, the majority indicated that they did not recall any 
recommendations.  Of those parents who were asked about early intervention, most said 
they were unable to access that service, although it was recommended.  While the 
sample’s performance remained relatively stable over the course of the year, prospective 
results suggested that if many of these children do not receive services soon, they may 
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begin to fall behind peers.  Therefore, not only do young children with SCD need to be 
screened early to attempt to identify those at greatest risk, but support must be provided 
(potentially through the Comprehensive Sickle Cell Centers) to ensure that children and 
families are able to access services that are available, which would likely promote 
success.  Despite the fact that there are limited resources to offer such support, the 
preventive benefit of providing such services early in development would potentially far 
outweigh and reduce the need for services in the future (Olds, 2003).  Furthermore, it 
may be that a simple telephone follow-up or a check-in at a routine clinic visit may be 
enough support to help these families successfully receive the services they need.  
Therefore, such efforts should be made in the future to potentially increase the likelihood 
that those identified as at-risk receive the services they need. 
Research Directions and Implications   
 Future studies should also build upon and implement strategies to increase 
participation and decrease attrition in prospective studies of preschool-age children with 
SCD.  As previously stated, the majority of our sample was of low SES, which brings 
many complications and barriers to successful and continued participation in research.  
As the children that participated in the present and baseline study were part of a larger 
NIH-funded study conducted at the Marian Anderson Comprehensive Sickle Cell Center, 
they may be higher functioning, more compliant with their SCD care and appointments, 
and more willing to participate in research projects.  Therefore, our sample may 
overestimate the actual performance of young children with SCD, as only those who are 
most proactive with their child’s care were included in our study.  Although the present 
study attempted to make participation demands of the protocol as minimal as possible 
113 
(i.e., most assessments were conducted as home visits) in order to promote participation, 
additional incentives in future projects could increase participation and decrease attrition 
(e.g., monetary compensation for time spent in participation).  Furthermore, as 
participants in the present and baseline study were recruited only if they were 
participating in the large grant-funded study, including all children (who meet inclusion 
and exclusion criteria) who attend Comprehensive Sickle Cell Centers would broaden 
participation and potentially increase the validity of findings.   
 Including a sibling and/or matched peer control group in future prospective 
studies involving young children with SCD or in future assessments following the 
children included in the present study may provide better comparison information than 
the normative sample, as children in matched or sibling control groups would share more 
environmental and/or maternal and home characteristics than a normative group.  
Furthermore, including matched peer or sibling control groups in a prospective study 
would allow the development of skills in children with SCD to be compared to the 
development of those skills in control groups rather than a normative sample.  Finally, the 
use of both a matched and sibling control group would potentially add further 
information regarding the impact of home and maternal characteristics versus disease-
related variables on the development of neurocognitive skills as matched peer and sibling 
control groups would share some of these characteristics with the children with SCD, 
without the experience of disease-related events. 
 In the present study, many of the children who participated had either received an 
MRI or TCD scan, however, information was not available on all children and was not 
included in study procedures.  Future research should also include neuroimaging studies 
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to identify children who have experienced silent stroke and examine impact of stroke 
status on cognitive development, at an early age.  The use of neuroimaging could help 
delineate whether cognitive delays and/or declines are related to stroke status (both overt 
and silent) or to other, more subtle sequeale of SCD.  Without neuroimaging, it is 
difficult to fully understand the relative contribution of these disease-related risks in 
SCD. 
 Finally, although a parent report measure of executive functioning (BRIEF-P) was 
intended to be used in the present study, it was not included in the final protocol due to 
age limitations of the measure.  Specifically, the preschool version of the BRIEF-P only 
extends to age 5 years 11 months; however, 40% of our sample was too old to be 
administered this measure under standardized procedures.  The BRIEF is a measure of 
executive functioning that would be appropriate for individuals over age 6 years, 
however, the subscales on the BRIEF-P and BRIEF are not similar enough to compare 
within the same sample, and the measure was dropped from the present protocol.  Future 
research (specifically that which follows these children in the future) should include a 
parent report measure of executive skills in the assessment, such as the BRIEF, as frontal 
lobe functioning seems to be especially sensitive to increased disease severity and is 
often difficult to accurately measure in young children.  Furthermore, with further 
research and support, the BRIEF-P/BRIEF may serve as another, less time-intensive, 
screener to identify children at risk, which would not require a trained 
neuropsychological technician to administer. 
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Conclusions  
 Preschool-age children with SCD who participated in the present study performed 
within the broad range of average on all domains of neuropsychological functioning 
measured (IQ, Language, Motor skill, Memory/Attention, Visuospatial skill, and 
Reasoning).  Furthermore, no significant changes in performance were noted from the 
baseline to present assessment when standard scores were examined.  Maternal 
income/education at baseline was associated with present neuropsychological functioning 
and accounted for a significant portion of the variance in regression analyses for the 
majority of domains of functioning, with the exception of the Memory/Attention domain 
(where disease severity was the only variable significantly associated with present 
performance), and the Visuospatial domain (where number of children in the home and 
number of hours spent in school/daycare were associated with functioning, but did not 
contribute significantly to the regression model).  Home environment, disease-related, 
and parent-stress variables were not found to be significant predictors of current 
performance.    
Results from the present study support the continued examination of the role of 
memory and attention in young children with SCD and indicate that the development of 
these skills may be distinctive when compared to the development of other cognitive 
skills (which are developing stably in the average/low average range in children with 
SCD- in the absence of neurological insult).  Furthermore, results from the present study 
also suggest that the development of memory and attention skills may be uniquely related 
to disease severity, whereas, the development of other cognitive abilities may be more 
related to maternal education and income. 
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 Overall, the results of this study provide information that may be useful in 
developing a screening instrument (focusing on memory/attention and reasoning skills) 
that may be useful to administer to young children with SCD across Comprehensive 
Sickle Cell Centers, to identify children who are most at-risk for academic/developmental 
delay.  Then, resources available at Comprehensive Sickle Cell Centers (e.g., social 
work) could be employed to facilitate identified children in getting the preventive 
services (e.g., early intervention, Head Start) that are available to promote success. 
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Table 1. Summary of Study Measures 
 
 
   
 
Variable  
 
Instrument 
 
Illness-related Risk Factors 
 
SCD Genotype 
Average of last 3 Hgb Levels 
(Difference between 12.5 g/dl and average of last 3  
     Hbg levels) 
# of visits to hospital/ER in past 12 months 
# of pain episodes in the past 12 months 
 
Illness Severity Summary 
Scores 
 (Difference between 12.5 g/dl and average of last 3  
    Hbg levels) + 
   (Number of pain episodes in the last 12 months) +  
   (Number of visits to hospital/ER in last 12 months) 
(Difference between 12.5 g/dl and average of last 3  
    Hbg levels) + 
    (Number of visits to hospital/ER in last 12 months) 
 
Psychosocial Risk Factors Pediatric Inventory for Parents (PIP): Total Frequency,   
     Total Difficulty Scores  
Home Environment Questionnaire (HEQ) 
Semi-structured Parental Interview Assessing  
   Ability to Assess and Carryout Recommendations 
Parental Marital Status 
Maternal Education 
Family Income 
# of Children Living in Home, # siblings in home 
Child’s School/Preschool Placement and hours     
    spent/week) 
 
General Intelligence WPPSI- III: Full Scale 
 
Language Functioning WPPSI- III: Vocabulary, Information, Picture Naming 
DAS: Verbal Comprehension 
 
Motor WPPSI-III: Coding 
NEPSY: Visuomotor Precision 
Purdue Pegboard (both hands) 
 
Memory/Attention NEPSY: Sentence Repetition, Visual Attention 
DAS: Recognition of Pictures 
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Table 1. Continued 
 
 
 
Variable  
 
Instrument 
 
Visuospatial  
 
WPPSI- III: Block Design, Picture 
Concepts 
NEPSY: Design Copy 
 
Reasoning WPPSI: Word Reasoning, Matrix 
Reasoning 
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Table 2. Reliability Analyses for Proposed and Reconfigured Neuropsychological 
Domains 
 
 
 
Proposed Domain Alpha Reconfigured Domain Alpha 
 
Language 
   WPPSI-III: Picture Naming 
   DAS: Verbal Comprehension 
 
0.88 
(n = 16) 
 
Language 
   WPPSI-III: Information 
   WPPSI-III: Vocabulary 
   WPPSI- III: Picture Naming 
   DAS: Verbal Comprehension 
 
0.91 
(n = 15) 
 
Motor/Sensorimotor 
   NEPSY: Visuomotor Precision 
   Purdue Pegboard (R,L, Both)    
 
0.62 
(n = 18) 
 
Motor 
   WPPSI-III: Coding 
   NEPSY: Visuomotor Precision 
   Purdue Pegboard: Both 
 
0.64 
(n = 18) 
 
Visuospatial/Visuoconstructional 
   WPPSI-III: Performance IQ 
   NEPSY: Design Copy 
 
0.60 
(n = 17) 
 
Visuospatial 
   WPPSI-III: Block Design 
   WPPSI-III: Picture Concepts 
   NEPSY: Design Copy 
 
0.49 
(n = 17) 
 
Reasoning 
   WPPSI-III: Word Reasoning 
   WPPSI-III: Matrix Reasoning 
 
0.66 
(n = 17) 
 
Reasoning 
   WPPSI-III: Word Reasoning 
   WPPSI-III: Matrix Reasoning 
 
0.66 
(n = 17) 
 
aMemory 
   NEPSY: Sentence Repetition 
   NEPSY: Visual Attention 
   DAS: Recognition of Pictures 
 
0.24 
(n = 16) 
 
Memory/Attention 
   NEPSY: Sentence Repetition 
   NEPSY: Visual Attention 
   DAS: Recognition of Pictures 
 
0.24 
(n = 16) 
 
aAttention/Executive Functioning 
   WPPSI-III: Coding 
   NEPSY: Visual Attention 
   *NEPSY: Auditory Attention 
   *BRIEF-P: Global Exec. Comp. 
 
0.33 
(n = 15) 
  
 
*Measures dropped from analyses. 
aProposed domains combined in present study.
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Table 3. Order of Test Measures 
 
 
 
 
                    A 
 
                    B 
 
NEPSY: Design Copy 
WPPSI- III (+ Picture Naming) 
Purdue Pegboard Test 
NEPSY: Visual Attention 
NEPSY: Sentence Repetition 
NEPSY: Visuomotor Precision 
DAS: Verbal Comprehension 
DAS: Picture Recognition 
NEPSY: Auditory Attention 
 
NEPSY: Design Copy 
WPPSI- III (+ Picture Naming) 
NEPSY: Auditory Attention 
NEPSY: Sentence Repetition 
NEPSY: Visuomotor Precision 
DAS: Verbal Comprehension 
DAS: Picture Recognition 
Purdue Pegboard Test 
NEPSY: Visual Attention 
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Table 4. Demographic Characteristics of Present and Baseline Sample 
 
 
 
 Present Sample 
(N = 18) 
Baseline Sample 
(N = 22) 
 
Variable 
 
M (SD) Number (%*) M (SD) 
Number  
(%*) 
 
Gender (male)  
 
14 (77.8)  
 
 16 (72.7) 
 
Age (in months) 
 
67.5 (10.0)  
 
51.3 (9.4)  
 
Ethnicity  
     African American 
     Hispanic 
 
 
 
17 (94.4) 
    1 (5.6) 
 
 
 
 20 (90.9) 
     2 (9.1) 
 
Handedness 
     Right 
     Left 
     Predominantly Right 
 
 
 
17 (94.4) 
    1 (5.6) 
    0 (0.0) 
 
 
 
 18 (81.8) 
     2 (9.1) 
     2 (9.1) 
 
Attend School/Daycare (yes)  
 
15 (83.3)  
 
 15 (77.3) 
 
Hours in School/Daycare 
 
29.5 (15.5)  
 
33.6 (11.1)  
 
Number of Adults Living in Home 
     1 
     2 
     3 or more 
 
   1.7  (0.49)
 
 
 
  6 (33.3) 
12 (66.7) 
    0 (0.0) 
   2.0  (0.65) 
 
 
   3 (13.6) 
  16 (72.8) 
   3 (13.6) 
 
Number of Children  
   Living in Home 
     1 
     2 
     3 
     4 or more 
 
 2.8  (1.2) 
 
 
 
 
  2 (11.1) 
  6 (33.3) 
  5 (27.8) 
  6 (33.3) 
2.6 (1.1) 
 
 
 
   4 (18.2) 
   6 (27.3) 
   7 (31.8) 
   5 (22.7) 
 
Person Completing Form   
   (Mother/Female Guardian) 
 16 (88.9)   20 (90.9) 
 
Mother’s age 
 
 32.3  (8.5)  
 
31.1 (7.7)  
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Table 4. Continued 
 
 
 Present Sample Baseline Sample 
 
Variable 
 
M (SD) Number (%*) M (SD) 
Number  
(%*) 
 
Marital Status 
     Married/Partnered 
     Single 
     Divorced 
 
 
 
 9 (50.0) 
 7 (38.9) 
 2 (11.1) 
 
 
 
12 (54.6) 
  9 (40.9) 
    1 (4.5) 
 
Maternal Education 
     Less than High School 
     High School 
     Some College 
     College Graduate 
     Post College 
 
 
 
   
 3 (16.7) 
 6 (33.3) 
 3 (16.7) 
 3 (16.7) 
 2 (11.1) 
 
 
 
  
   4 (18.2) 
   9 (40.9) 
   4 (18.2) 
   3 (13.6) 
     2 (9.1) 
 
Household Income 
     Less than $19,999 
     $20,000 - 39,999 
     $40,000 - 59,999 
     $60,000 - 79,999 
     $80,000 - 99,999 
  
  
 6 (33.3) 
 5 (27.8)
 3 (16.7) 
 2 (11.1) 
 2 (11.1) 
  
 
   7 (31.8) 
   9 (40.9) 
   3 (13.6) 
     2 (9.1) 
     1 (4.5) 
 
History of Learning/Reading  
   Problems in Family 
     Yes 
 
 
 
   
 
3 (16.7) 
  
 
 
   3 (13.6) 
 
*Percentiles based on total number for which data are available for each variable 
Npresent sample = 18; Nbaseline sample = 22 
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Table 5. Illness-related Characteristics of Present and Baseline Sample 
 
 
 
 Present Sample  
(N = 18) 
Baseline Sample 
(N = 22) 
Variable M (SD) Number 
(%*) 
M (SD) Number 
(%*) 
 
Genotype 
     HbSS 
     HbSC 
     HbβThal 
  
 
  9 (50.0) 
  8 (44.4) 
  1   (5.6) 
  
 
 12 (54.5) 
   9 (40.9) 
   1   (4.6) 
 
Average of Last 3 Hemoglobin Levels 
 
  9.8 (1.7) 
  
  9.6 (1.5) 
 
 
Number of Hospitalizations in Past 
Year 
 
  1.4 (2.8) 
  
  1.5 (1.9) 
 
 
Number of Documented Pain Episodes 
in Past Year 
 
  2.5 (3.8) 
  
  3.2 (4.6) 
 
 
Severity Summary Score 1a
 
  7.0 (5.3) 
  
  7.6 (5.6) 
 
 
Severity Summary Score 2b
 
  4.3 (3.6) 
  
  4.4 (2.8) 
 
 
TCDc Performed 
  
13 (72.2) 
 
 
 
   4 (18.2) 
 
MRId Performed 
 
 
 
11 (61.1) 
  
   1   (4.5) 
 
Both TCD and MRI Performed 
  
10 (55.6) 
  
   0   (0.0) 
 
On Chronic Transfusion Therapy 
  
  2 (11.1) 
  
    N/A 
 
Treated with Hydroxyurea 
  
  1   (5.6) 
  
    N/A 
 
Npresent sample = 18; Nbaseline sample = 22 
 
a(12.5 g/dL – ave. of last 3 HgB levels measured + # pain episodes in past year + # hosp. 
in past year) 
b(12.5 g/dL – ave. of last 3 HgB levels measured + # hosp. in past year) 
cTranscranial Doppler 
dMagnetic Resonance Imaging 
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Table 6. Parent-reported Psychosocial Functioning of Present and Baseline Sample 
 
 
 
Variable Present Sample 
M (SD) 
Baseline Sample 
M (SD) 
 
HEQ Total Score 
 
            24.5  (4.9) 
 
              25.0  (5.8) 
 
PIP Frequency 
 
            80.5 (25.1) 
 
              99.6 (21.9) 
 
PIP Difficulty 
 
            73.3 (24.6) 
 
              86.0 (22.7) 
 
125 
Table 7. Descriptive Information for the Semi-structured Interview 
 
 
 
Variable Number (%*) 
 
Number of recommendations recalled 
from first assessment: 
     0 
     1 
 
 
 
                    14 (72.2) 
                      3 (22.2) 
 
Able to access services? (of those who 
endorsed remembering any 
recommendations) 
     Yes 
     No 
 
 
 
 
                      0 (0) 
                      4 (22.2) 
 
Able to implement home-based 
recommendations? 
     Yes 
     No 
 
 
 
                    11 (64.7) 
                      6 (33.3) 
 
Has child received independent therapies 
since first assessment? 
     Yes 
     No 
 
 
 
                      4 (22.2) 
                    14 (77.8) 
If yes, what type of therapy? 
     Speech/Language 
     Occupational 
     Physical 
 
                      2 (11.1) 
                      1   (5.6) 
                      1   (5.6) 
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Table 8. Change in Neuropsychological Domain Performance from Baseline to Present 
 
 
 
Domain Baseline 
Performance 
M (SD) 
Present 
Performance 
M (SD) 
Change Significance 
 
Full Scale IQ 
 
       89.8   (9.5) 
 
89.8 (12.1) 
 
  (t[17] = 0.00, p = 1.00) 
 
Language 
 
       89.4   (8.8) 
 
88.6 (11.0) 
 
  (t[6] =   1.73, p = .135) 
 
Motor Skill 
 
       92.5 (12.1) 
 
93.4 (10.2) 
 
  (t[9] =   0.62, p = .552) 
 
Memory/Attention 
 
       98.5   (7.7) 
 
97.3 (10.1) 
 
  (t[15] = -0.73, p = .476) 
 
Visuospatial 
 
       90.2   (9.4) 
 
82.4 (9.9) 
 
  (t[10] =   1.13, p = .286) 
 
Reasoning 
 
       95.2   (7.9) 
 
90.6 (10.2) 
 
  (t[10] =   0.45, p = .661) 
 
Note. Scores based on M = 100, SD = 15. 
*Bold scores indicate a non-significant decline in standard scores. 
  
 
Table 9.  Preliminary Correlations of Neuropsychological Domains and Sample/Testing Characteristics 
 
 
 
 Sex Age Ethnicity Handedness Location of 
Assessment 
Quality of 
Testing 
Environment 
Order of 
Assessment 
 
 
Full Scale IQ 
 
r = .02 
p = .096 
 
r = .31 
p = .207 
 
r = .16 
p = .516 
 
r = -.47 
p = .047* 
 
r = .49 
p = .039* 
 
r = -.35 
p = .153 
 
r = .00 
p = .995 
 
 
Language 
 
r = .18 
p = .520 
 
r = .40 
p = .142 
 
r = .20 
p = .484 
 
r = -.53 
   p =  .044* 
 
r = .42 
p = .119 
 
r = -.23 
p = .412 
 
r = .11 
p = .704 
 
 
Motor Skill 
 
r = .17 
p = .506 
 
r = .34 
p = .164 
 
r = .30 
p = .220 
 
r = -.07 
p = .782 
 
r = .27 
p = .273 
 
r = .40 
p = .099 
 
r = .09 
p = .710 
 
 
Memory/Attention 
 
r = .10 
p = .684 
 
r = -.08 
p = .766 
 
r = -.35 
p = .154 
 
r = -.11 
p = .654 
 
r = .16 
p = .531 
 
r = .03 
p = .893 
 
r = .02 
p = .943 
 
 
Visuospatial 
 
r = -.11 
p = .668 
 
r = .04 
p = .868 
 
r = - .02 
 p =    .946 
 
r = -.37 
p = .149 
 
r = .10 
p = .700 
 
r = -.53 
p = .027* 
 
r = .15 
p = .571 
 
 
Reasoning 
 
r = .14 
p = .572 
 
r = .42 
p = .084 
 
r = .14 
p = .575 
 
r = -.57 
p = .014* 
 
r = .51 
p = .032* 
 
r = -.26 
p = .299 
 
r = .07 
p = .781 
 
n  = 18 
*   p < .05
  
 
Table 10. Correlations Between Baseline Psychosocial/Disease-related Variables and Present Neuropsychological Domains 
 
 
 
 Disease 
Severity 
Summary 1 
Disease 
Severity 
Summary 2 
Number 
Children in 
Home 
Hours in 
School/ 
Daycare 
Maternal 
Income/ 
Education 
HEQ 
Summary 
Score 
PIP 
Frequency 
PIP 
Difficulty 
 
 
Full Scale IQ 
 
r = .21 
p = .395 
 
r = .04 
p = .880 
 
r = -.52 
p = .026* 
 
r = .49 
p = .045* 
 
r = .06 
p = .008* 
 
r = -.02 
p = .934 
 
r = -.20 
p = .434 
 
r = -.47 
p = .048* 
 
 
Language 
 
r = .38 
p = .159 
 
r = .12 
p = .661 
 
r = -.49 
p = .064 
 
r = .60 
p = .024* 
 
r = .61 
p = .016* 
 
r = .43 
p = .114 
 
r = -.33 
p = .225 
 
r = -.53 
p = .040 
 
 
Motor Skill 
 
r = .08 
p = .758 
 
r = .18 
p = .476 
 
r = -.49 
p = .038* 
 
r = .33 
p = .199 
 
r = .54 
p = .021* 
 
r = .05 
p = .847 
 
r = -.11 
p = .661 
 
r = -.27 
p = .278 
 
 
Memory/Attention 
 
r = .41 
p = .112 
 
r = .51 
p = .046* 
 
r = -.03 
p = .915 
 
r = .03 
p = .912 
 
r = .21 
p = .441 
 
r = -.06 
p = .823 
 
r = .35 
p = .187 
 
r = .01 
p = .97) 
 
 
Visuospatial 
 
r = .34 
p = .178 
 
r = -.01 
p = .962 
 
r = -.62 
p = .008* 
 
r = .57 
  p = .022* 
 
r = .47 
p = .057 
 
r = -.23 
p = .380 
 
r = -.10 
p = .691 
 
r = -.44 
p = .081 
 
 
Reasoning 
 
r = .17 
p = .497 
 
r = -.04 
p = .882 
 
r = -.51 
p = .032* 
 
r = .55 
p = .021* 
 
r = .60 
p = .009* 
 
r = .16 
p = .535 
 
r = -.30 
p = .219 
 
r = -.51 
p = .029* 
 
n  = 18 
*   p < .05 
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Table 11. Regression Analyses  
 
 
 
   Change  Statistics 
Variable Beta p Δ  R2 F p 
 
Full Scale IQ 
     
Step 2 
   Maternal income/education 
 
0.52 
 
.023* 
 
0.25 
 
6.20 
 
.012* 
Step 3 
   PIP difficulty total 
 
-0.10 
 
.708 
 
0.01 
 
3.93 
 
.034* 
Step 4 
   # children living in home 
 
-0.39 
 
.061 
 
0.14 
 
4.76 
 
.016* 
Step 5 
   Hours in school/daycare 
 
0.16 
 
.499 
 
0.02 
 
3.74 
 
.032* 
 
Language 
     
Step 2 
   Maternal income/education 
 
0.50 
 
.033* 
 
0.24 
 
6.29 
 
.014* 
Step 3 
   PIP Difficulty 
 
-0.19 
 
.468 
 
0.02 
 
4.23 
 
.032* 
Step 4 
   Hours in school/daycare 
 
0.34 
 
.112 
 
0.01 
 
4.52 
 
.024* 
 
Motor 
     
Step 1 
   Maternal income/education 
 
0.54 
 
.021* 
 
0.29 
 
6.58 
 
.021* 
Step 2 
   # children living in home 
 
-0.38 
 
.081 
 
0.13 
 
5.56 
 
.016* 
 
Visuospatial 
     
Step 2 
   # children living in home 
 
-0.43 
 
.082 
 
0.13 
 
5.15 
 
.023* 
Step 3 
   # hours in school/daycare 
 
-0.34 
 
.156 
 
0.06 
 
4.54 
 
.024* 
 
Reasoning 
     
Step 2 
   Maternal income/education 
 
0.50 
 
.017* 
 
0.23 
 
8.62 
 
.004* 
Step 3 
   PIP Difficulty 
 
-0.08 
 
.756 
 
0.00 
 
5.41 
 
.012* 
Step 4 
   # children living in home 
 
-0.34 
 
.076 
 
0.11 
 
5.86 
 
.007* 
Step 5 
   Hours in school/daycare 
 
0.21 
 
.316 
 
0.03 
 
4.95 
 
.013* 
*   p < .05 
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Table 12. Standard Score Performance by Subtest at Present and Baseline 
 
 
 
Subtest Baseline Performance 
M (SD) 
Present Performance 
M (SD) 
WPPSI-III   
     Information 92.5     (9.1) 93.3 (13.5) 
     Vocabulary 94.5   (12.3) 95.9 (10.4) 
     Word Reasoning 97.3   (14.0) 99.5   (9.3) 
     Block Design** 86.1   (10.8) 92.5 (13.0) 
     Matrix Reasoning 93.2   (10.1) 92.3   (6.8) 
     Picture Concepts 95.9   (15.0) 96.8   (9.6) 
     Coding 98.0   (13.0) 98.0 (10.9) 
     Picture Naming 91.3   (13.8) 94.0 (14.3) 
 
NEPSY 
  
     Design Copy 91.8   (12.1) 91.5 (16.2) 
     Visuomotor Precision* 84.4   (13.1) 93.8 (15.2) 
     Visual Attention 104.6 (11.2) 96.8 (14.5) 
     Sentence Repetition 93.6     (9.5) 98.1 (15.3) 
 
DAS 
  
     Verbal Comprehension 78.6   (12.1) 81.6 (11.1) 
     Recognition of Pictures 94.9   (16.0) 99.4 (16.7) 
 
Purdue Pegboard 
  
     Dominant Hand 88.7   (12.9) 89.1 (16.9) 
     Non-Dominant Hand** 79.3   (12.6) 88.6 (16.5) 
     Both Hands 90.3   (13.8) 89.0 (11.2) 
 
Note. Scores based on M = 100, SD = 15. 
*change in performance, p<.05 
**change in performance, p<.10 
131 
Table 13. BRIEF-P Performance and Comparisons 
 
 
 
BRIEF-P: 
Subscale/Index/Composite 
Performance of 
Children Within 
Age Limits of 
Normative 
Sample 
(n = 12) 
M (SD) 
Performance of 
Children Outside 
Age Limits of 
Normative 
Sample 
(n = 6) 
M (SD) 
Performance 
of Total 
Sample 
 
 
(N = 18) 
M (SD) 
 
 
Inhibit 
 
 
50.6   (7.9) 
 
 
53.8   (9.3)  
 
 
51.7   (8.2) 
 
Shift 
 
48.7   (5.5) 
 
55.5 (10.4) 
 
50.9   (7.9) 
 
Emotional Control* 
 
49.3   (9.0) 
 
64.0 (14.7) 
 
 54.2  (12.9) 
 
Working Memory** 
 
56.9 (12.0) 
 
59.3 (19.0) 
 
57.7 (14.1) 
 
Plan/Organize 
 
55.7 (15.4) 
 
56.3 (18.0) 
 
55.9 (15.7) 
 
Inhibitory Self-Control Index 
   (Inhibit + Emotional Control) 
 
 
 
50.0   (8.4) 
 
 
58.8 (12.1) 
 
 
 52.8  (10.3) 
Flexibility Index* 
   (Shift + Emotional Control) 
 
 
48.8   (6.8) 
 
62.0 (12.2) 
 
53.2  (10.7) 
Emergent Metacognition Index** 
   (Working Memory + Plan/Org.) 
 
 
56.8 (12.5) 
 
58.8 (19.8) 
 
57.5 (14.7) 
 
Global Executive Composite 
   (Sum of all subscales) 
 
 
52.9 (10.0) 
 
 
59.5 (16.5) 
 
 
55.1 (12.5) 
 
Note. Scores based on M = 50, SD = 10; High scores indicate poorer functioning with a M 
> 60 falling in the clinically significant range. 
*(Difference in parent rated behavior between children within and outside age limits of 
normative sample), p<.05. 
**Total sample parent rated behavior significantly different from normative sample, p 
<.05.
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VII. APPENDIX A: HOME ENVIRONMENT QUESTIONNAIRE 
 
 
 
A. Learning stimulation 
1.  About how often do you read books to your child? 
a) never – few/year (0 points) 
b) few/month – 1/week (2 points) 
c) 3/week – daily (4 points) 
 
2.  About how many children’s books does your child have of his/her own? 
a) None (0 points) 
b) 1 or 2  (1 point) 
c) 3 – 9 (2 points) 
d) 10 or more (3 points) 
 
3.  Does your child have the use of a tape recorder at home and have at least 5 children’s 
tapes? 
 
 Yes (3 points)  No (0 points) 
 
4.  How often does your child go on an outing (e.g. shopping, picnic, movie, etc.) with a 
family member? 
a) few times per year or less (0 points) 
b) once a month (1 point) 
c) 2 – 3 times per month (2 points) 
d) several times per week (3 points) 
e) once a day (4 points) 
 
5.  How often has your child gone to any type of museum with a family member in the 
past year? 
a) Never (0 points) 
b) 1 – several times (2 points) 
c) monthly or more (4 points) 
 
B. Teaching 
 
6.  Indicate which of the following your or another adult are helping your child or have 
helped your child learn at home? (score one point for each item circled) 
 
 Numbers The alphabet  Colors  Shapes/Sizes 
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C. Other 
 
7.  About how many magazines does your family get regularly? 
a) None (0 points) 
b) 1 (1 point) 
c) 2 or 3 (2 points) 
d) 4 or more (3 points) 
 
 
8.  How much choice does your child have in deciding what foods he/she eats at breakfast 
and lunch? 
a) a lot (2 points) 
b) some (1 point) 
c) little or no choice (0 points) 
 
9.  About how many hours each day is the TV on in your home? 
a) 1 or 2 hours (3 points) 
b) 3 – 5 hours (2 points) 
c) 6 – 8 hours (1 point) 
d) 9 – 14 hours (0 points) 
 
10.  Does your child see his/her father on a regular basis? 
 
 Yes (2 points)  No (0 points) 
 
11.  How often does your child eat a meal with both his/her mother and father/father 
figure? 
a) once per day or more (3 points) 
b) several times per week – once per week (2 points) 
c) once per month or less (1 point) 
d) never (0 points) 
 
12.  About how often do you read books yourself for pleasure? 
a) never – few/year (0 points) 
b) few/month – 1/week (2 points) 
c) 3/week – daily (4 points) 
 
The following question is not included in the total score. 
13.  Does anyone in your family have a history of a learning/reading problem?  
 No_____     Yes______ 
 If yes, please explain: ______________________________________________ 
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VIII. APPENDIX B: SEMI-STRUCTURED PARENT INTERVIEW 
 
 
 
1. What do you recall were the recommendations made after the first assessment 
(provided in the report)? 
 
 
 
 
2. Were you able to assess services recommended? Why/why not? 
 
 
 
3. Were you able to implement home-based recommendations? Why/why not? 
 
 
4. Has your child has any independent therapy since the last testing? (Occupational, 
Speech/Language, Physical) 
 
 
 
5. What is your child’s current school placement and where? (Early Intervention, 
Head Start, Preschool, Kindergarten) 
 
 
6. How many children are there in the classroom? 
 
 
7. How many hours per week does the child attend school? 
 
 
8. On Average, how many days per month does the child miss school due to SCD? 
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